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Dedication 

This issue of Telopea is published in honour of Dr Lawrence 
Alexander Sidney Johnson following the occasion of his 70th 
birthday. Lawrie joined the staff of the National Herbarium of 
New South Wales as a botanist in 1948 and went on to be 
Director of the Royal Botanic Gardens, a position he held for 
over 13 years. Although now formally retired, he continues to 
make major contributions in plant systematics. 
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L.A.S. Johnson — a botanical career 

Barbara G. Briggs 


Abstract 

Briggs, Barbara G. (National Herbarium of Neiu South Wales, Royal Botanic Gardens, Sydney, 2000, 
Australia) 1996. L.A.S. Johnson —a botanical career. Telopea 6(4): 511-520. A summary is given of 
the career of Lawrence (Lawrie) Johnson, who is celebrated in this special issue of Telopea. As 
botanist (1948-1972) and Director (1972-1985) at the Royal Botanic Gardens Sydney he has 
contributed to plant systematics, especially in the Casuarinaceae, Zamiaceae, Oleaceae, Juncaceae, 
Myrtaceae (most notably in Eucalyptus and Corymbia), Proteaceae and Restionaccae. He has 
been responsible for major improvement of the botanical curation of the National Herbarium of 
New South Wales and, as Director, the construction of the Robert Brown Building (which 
houses the Herbarium and Scientific Division), early stages in the development of the important 
satellite gardens at Mount Tomah and Mount Annan, and planning of the Tropical Centre 
glasshouses and of the Flora ofNeiu South Wales. In his seventy-first year he continues in research, 
is enthused by the new phylogenetic insights arising from DNA research, and continues to 
maintain high scientific standards and contribute to knowledge of plants and their evolution. 


Introduction 

Lawrence (Lawrie) Johnson, botanist (1948-72) and Director (1972-85) at the Royal 
Botanic Gardens Sydney, has contributed to botanical systematics and to knowledge 
of Australian plant groups for more than four decades. This issue of Telopea honours 
him in his seventy-first year. 

Many awards over the years have recognised Johnson's achievements, especially his 
award as a Member of the Order of Australia (AM) for services to botanical science. 
He has received the Clarke Medal of the Royal Society of New South Wales, the 
Mueller Medal of the Australian and New Zealand Association for the Advancement 
of Science (ANZAAS), a D.Sc. from the University of Sydney and election as a 
Fellow of the Australian Academy of Science and of the Linnean Society of London 
(honoris causa), as well as corresponding memberships of the Botanical Society of 
America and the American Society of Plant Taxonomists. He also received a special 
informal New Year's 'honour' in 1984 from prominent Sydney journalist Leo 
Schofield, for improving the city of Sydney by making the Royal Botanic Gardens 
'even more beautiful ... and a dynamic centre for all things horticultural'. 

These are remarkable achievements for a scientist in the relatively low-profile field 
of systematic botany, and one who stayed in one institution for the whole of his 
professional career. 


Lawrie Johnson, botanist 

Lawrence Alexander Sidney Johnson graduated in science with first class honours from 
the University of Sydney in 1948. His intention since early teenage to study science 
went along with a generally rationalist approach to life and an interest in understanding 
and classifying features of the world around him. Encouragement by good science 
teachers at Parramatta High School was influential, rather than a particular love of 
plants. Indeed, he had initially intended to major in chemistry but turned his interests 
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to botany after meeting the lively minds of the Botany Department at that time: Professor 
Eric Ashby (later Lord Ashby), physiologist Bob (later Sir Rutherford) Robertson, ecologist 
Noel Beadle and geneticist Newton Barber. Early in his career he also developed close 
contacts at the Museum of Applied Arts and Sciences in Sydney with botanists Spencer 
Smith-White (later of the University of Sydney) and J.L. (Jack) Willis, as well as 
phytochemist Howard McKern. This was a time of wide-ranging, indeed re-awakening, 
interest in Australia's flora and vegetation, and all these botanists were searching for 
understanding of processes of evolution and variation, seen in terms of ecology and 
physiology. In his final research year as an undergraduate some of his work was at the 
National Herbarium of New South Wales, the scientific arm of Sydney's Royal Botanic 
Gardens, where his main contacts were Anderson and Vickery. 

Lawrie Johnson (LJ) joined the staff of the Herbarium in 1948. The team there in 
those years was growing although still small, with the Director and Chief Botanist 
Robert (Bob) Anderson and botanists Knowles Mair, Joyce Vickery, Mary Tindale, 
Alma Lee (nee Melvaine), Joy Garden (later Joy Thompson), Neridah Ford, George 
Chippendale and Valerie Jones (nee May). Herbarium Assistants and Technical 
Officers were unknown in the Herbarium until well into the 1960s and all curation 
of the collections rested with the botanists. 

Another person relevant to LJ's work was Ernest (Ernie) Constable, the Botanical 
Collector. They made many fieldtrips together, in Ernie's old-style vans, which were 
scarcely adequate for the often poor roads. LJ particularly remembers Ernie's intrepid 
bush skills and ability to find his way, as well as how Ernie would reduce costs by 
seeking overnight accommodation for himself and Lawrie from his many friends in 
the Baptist Church or his ex-army mates. On other occasions, when camping in the 
bush, Ernie would cheerily wake his companions too early (in their view) with a cup 
of tea and an excessively hearty 'Rise and shine!'. 

In the Herbarium LJ and his colleagues had inherited a rich collection which had 
received inadequate curation in the decades since the retirement in 1924 of that 
outstanding early Director, Joseph Henry Maiden. In seeking to improve the situation, 
emphasis was not so much on the physical curation as on improving the botanical 
order and information content. The specimens remained unmounted in their folders, 
but both Australian and non-Australian groups were now being critically assessed 
and arranged according to the best available revisions. The Flora of New South Wales, 
issued as a supplementary series to the Contributions of the Neto South Wales National 
Herbarium, was commenced. Despite the enthusiasm of the botanists, it proceeded far 
too slowly, and was later replaced by a Flora project along very different lines (Harden 
1990-3). Johnson's treatment of the cycads was among the first and most thorough 
issues of this series, and an associated revision (Johnson 1959) assessed the distinctions 
between major cycad groups and established the families Zamiaceae and Stangeriaceae. 
Oleaceae followed soon after, again with major elucidation of relationships. 

The final year of LJ's university studies had been spent in research on the Casuarinaceae, 
a group in which he has continued research intermittently for decades, jointly in recent 
times with Karen Wilson. He speaks of how he irritated the Western Australian 
Government Botanist, Charles Gardner, by indicating his own intention to assess various 
Casuarina (subsequently Allocasuarina) species then recently described by Gardner. Now 
LJ has long recognised why his early comments were seen as brash by that very senior 
botanist. Over the years Johnson's expression of his views has changed from the brashness 
of youth, but has not been muted. He has sometimes been seen as unduly vehement, 
particularly by those whom he considered did not live up to his expectations of logical 
thought, clear expression or wide knowledge. He has always held opinions strongly, 
and strongly criticised those who disagreed, while being prepared to change his opinions 
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if presented with a convincing array of evidence. Some scientists have found LJ to be a 
stern critic but others have found him a supporter. He has especially supported several 
botanists whose views were being rejected primarily for their unorthodoxy, rather than 
being rejected on evidence. In such cases LJ would call for a reconsideration of the facts. 

Shortly after Johnson's appointment at the Herbarium, Anderson was revising his 
book Trees ofNeio South Wales. LJ did much of this work, over a range of tree genera, 
(but with Mary Tindale responsible for Acacia). By that time Lawrie was married 
and his wife Merle typed large sections of the revised book, for which both of them 
received only limited acknowledgment. He did, however, receive from Anderson 
much encouragement, friendship and some insight into administration, though 
management was very different then from today's excess of managerial requirements 
that affect organisations worldwide. 

LJ soon took on the role of providing botanical expertise for the principal Australian 
tree group, the eucalypts, and this has contmued to dominate much of LJ's subsequent 
research over more than four decades. With more than 800 species now recognised, 
the eucalypts are a vast assemblage, dominating most of Australia's vegetation except 
in the arid inland. Their study is made complex by the subtle features by which 
species differ, the extent of hybridism, and the diverse patterns of wide-ranging and 
narrowly endemic or disjunct distributions. In this work LJ found compatible scientific 
approaches in Lindsay Pryor (Director of Parks and Gardens in Canberra and later 
Professor of Botany at the Australian National University) and colleagues Don Blaxell 
(later Assistant Director, Living Collections at the Royal Botanic Gardens, Sydney) 
and Ken Hill (now Senior Botanist). Ian Brooker (now of Australian National 
Herbarium, CSIRO) has been another important contact in eucalypt studies. 

All these collaborators shared LJ's strong belief in the value of field studies and 
travelled extensively. With Pryor, and his colleague Dugald Paton, this sometimes 
involved extensive light aircraft trips. Decades later, when beset by back and neck 
problems (the latter from a whiplash injury while travelling from a scientific 
conference), LJ still considered it worthwhile to see species in the field. 'Just give me 
time to straighten up' would be his comment as he stiffly got out of the four-wheel 
drive vehicle on fieldwork in remote regions. 

It has been in expressing the complexities of the eucalypts that LJ has most clearly 
shown his determination that logic should override conservative conventions. Most 
eucalypt specialists have seen the value of (and used) the 'extracodical' subgenera 
and series of Pryor & Johnson (1971 and subsequent papers), although there has 
been less use than he hoped of the codes of up to six letters to summarise the 
classification of each taxon at all levels of the hierarchy. These efficient means of 
expressing groupings were largely devised by LJ, although published jointly. 

LJ has shown himself precise and particular in nomenclature, orthography and 
typification at the predominant levels of family, genus and species, and he has served 
in these areas on committees of the International Association for Plant Taxonomy. But 
he soon came to regard rigid application of the rule of priority as an irrelevant time- 
waster for taxa at intermediate levels which derive their significance only from their 
circumscription (content) in a particular classification. As he emphasises, his usages that 
do not follow the International Code of Botanical Nomenclature are extracodical rather 
than informal, they are part of a formal and precisely defined logical system. In the 
same spirit in which he determined on these usages, he welcomes many of the measures 
now being proposed by Werner Greuter, John McNeill and David Hawkesworth (e.g. 
Hawkesworth et al. 1994) to remove unnecessary instability in biological nomenclature 
— this 'senior citizen' of botany has in no way become a conservative. 
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At times LJ has received unwarranted criticism as 'the person intent on splitting up 
Eucalyptus and changing all their names'. He greatly regretted that irrelevant 
arguments were brought to bear on a matter that should be settled by experts 
considering evidence and logic, not by numbers of voices. In the event, ideas that 
Eucalyptus should be divided into about 12 genera have not been implemented; he 
and colleagues have considered it necessary at this stage to make only the most 
essential change — removal of a group of 113 species to form Corymbia (Hill & 
Johnson 1995) — reserving judgement on possible further change. 

A notable change of scene came with his appointment in 1962 for 15 months as 
Australian Botanical Liaison Officer at the Royal Botanic Gardens, Kew. This 
experience was botanically rewarding but was marred by the miserly policy of the 
State Government towards its employees at that time. In the event, despite Anderson's 
efforts and although such appointments were then normally for two-year periods, 
support for his travel did not extend to his family. The New South Wales Public 
Service Board even suggested that another botanist with no dependants be chosen, 
rather than a man with a wife and four (soon to be five) children. Always strongly 
supportive of Lawrie's career. Merle stoically insisted that he should take up the 
opportunity for valuable overseas experience while the family remained in Sydney. 
At the time of this, his first overseas travel and visits to Europe and North America, 
they did not know that Merle would later work for an airline administration, earning 
opportunities for much overseas travel for all the family. 

Ov'er the decades systematics had not stood still. By the 1950s chromosomal studies 
had come forward as the latest of a series of new technical developments. Both Joyce 
Vickery and Lawrie Johnson encouraged the introduction of these approaches into 
the Herbarium. With the 1960s came the numerical taxonomists, pheneticists with 
their statistical procedures, which Johnson rejected. 

Around this time LJ had taken up mathematics as a serious interest, aided by evening 
courses in modern mathematical concepts, filling a gap in his scientific education. 
(These courses overlapped others in the Russian language, as part of his continuing 
interest in languages worldwide.) The logical processes of mathematics stimulated 
his close analysis of the theoretical basis of the pheneticists' arguments. He expressed 
his reasons for rejecting their approaches m 'Rainbow's End' in 1968, his main 
publication on theoretical systematics, which was widely acknowledged and reprinted 
in the journal Systematic Zoology in 1970. 

Considerations of evolutionary relationships and classification in the prominent 
southern hemisphere families Proteaceae, Myrtaceae and Restionaceae have been 
major areas of research, and 1 was fortunate to collaborate with him on each of these. 
Our first joint work of this type was an uneven partnership; as stated in Johnson & 
Briggs (1963), I provided chromosome counts on Proteaceae while the greater part of 
the morphological data and interpretation was by LJ. Our later collaborative work 
was more evenly divided, but his incisive mind always focused quickly on the 
critical issues to be resolved. He was appreciative of the work of colleagues, but was 
active in studying specimens or anatomical or other preparations to assure himself 
of the substance of the findings and interpretations. When discussing the work he 
would often sum up the data or conclusions in words that needed little modification 
before incorporation into manuscripts. Proteaceae and Myrtaceae were each the 
subject of two major papers and work in both families is now being taken further, by 
colleagues Peter Weston and Peter G. Wilson respectively. 

Typifying LJ's approach, the studies became extremely broad-ranging, extending 
into considering each family in relation to the whole of the flowering plants, to past 
tectonic movements and environments, as well as to pollinators and seed dispersal. 
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Plate tectonics, still doubted by some outspoken geologists when Johnson & Briggs 
(1963) was completed, had become the accepted wisdom by 1975, giving new 
significance to the interpretation of southern hemisphere distributions. Hypotheses 
were developed of the past history of the Proteaceae, in relation to the land-masses 
on which they occur (Johnson & Briggs 1975), and have served as a basis for many 
subsequent discussions of that family and of data from a range of disciplines. 
Consideration of inflorescence structures in Myrtaceae (Briggs & Johnson 1979) led 
to an assessment, revision and summary of the subfamily, tribal and generic 
classification of this large family, and also to a substantial review of the terms and 
concepts used in analysing and comparing inflorescences generally. 

Typically also, as in much of Johnson's work, these papers are concise summaries of 
a great deal of information that was not presented in detail but that was rigorously 
compiled and critically assessed. Some of the conclusions, and the evidence on 
which they were based, have subsequently been overlooked at times because they 
have appeared only in this condensed style. For example, to illustrate and describe 
in detail all the pericarps of fruits of Proteaceae that were sectioned could have been 
useful, but it would have vastly increased the work. This was not feasible while 
meeting deadlines, with little technical assistance, and especially since most research 
was done after 6 pm when administrative matters could be set aside by both those 
involved. The forbearance of Merle Johnson with these long hours must be applauded. 

Work on Restionaceae, the third of these 'old southern families' (Johnson & Briggs 
1981), arose out of earlier work for the Flora of Nezu South Wales in the 1960s that 
showed that the generic classification was highly unsatisfactory. Other priorities 
slowed the study of this family and it remains in the 1990s an active interest, and 
was greatly aided by the technical help of Carolyn Porter and DNA sequencing 
by Simon Gilmore. 

The second of the Proteaceae papers (Johnson & Briggs 1975) also outlined a 
phylogenetic approach to classification and to determining evolutionary relationships. 
This was independent of Hennigian cladistics but based on somewhat similar thinking, 
linking groups only on apomorphies. Around this time, with the assistance of his 
oldest son, Christopher, this procedure was expressed in their computer program 
CLAX. This was based on an algorithm mirroring the procedures of a taxonomist by 
grouping together those taxa (OTU's) with most synapomorphies in common and 
then continuing, in a top-down procedure, to the less closely associated taxa with 
fewer apomorphies. Before the procedure was computerised LJ and I generated trees, 
especially in Myrtales, through manual calculation according to this algorithm, 
considering near-minimal groupings as well as minimals at all stages in tree-generation. 
The speed and ease of computerised programs now available contrasts wdth the long 
days and evenings of manual computation. Because of other competing priorities, 
Chris and LJ did not succeed in fully de-bugging the computer version of CLAX, and 
now that PAUP with its many options (Swofford 1990) is conveniently available LJ has 
no intention of proceeding further with CLAX. While using cladistic procedures he 
stresses the need to consider carefully the biological implications of character changes 
and believes that parsimony should not over-rule such considerations. 

A further aspect of Johnson's botanical contribution should be mentioned, his help 
to less experienced botanists who found him a wise advisor and friend. A very large 
number of publications have acknowledged his constructive comment or discussion 
with him. Botanists working with him gained valuable insights from his approach. 
Mostly this applied to younger botanists, but he guided a much older colleague 
when Obed Evans, formerly head of botanical technical staff at the University of 
Sydney, joined the Herbarium staff as a part-time botanist. Johnson and Evans worked 
on several monocot families including Cyperaceae, a project on which Karen Wilson 
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assisted after Evans' final retirement and, with LJ's encouragement, she later took 
over and greatly developed. Also started with Evans was a study of Restionaceae of 
New South Wales, which later led to the much wider project with myself. 

Through discusssion and comment LJ sought to raise the standard of Australia's 
systematic work, especially encouraging many others to consider their taxonomic 
decisions in the light of a broad spectrum of evolutionary thinking. In Sydney, by 
promoting an environment of lively discussion and concern for scientific standards, 
he helped to gather and foster a staff of active, wide-ranging systematists. He was 
important too in encouraging ecological colleagues and sound ecological approaches, 
as discussed by Benson (this issue). 

From the 1950s to the early '70s when National Parks and Wildlife Service organisations 
were lacking or embryonic in Australia, there were only a few ecologists with broad 
knowledge of the flora and vegetation. Systematists had been major champions of 
nature conser\'ation and served in some roles that would now mostly fall to ecologists. 
Joyce Vickery had set an example in this and LJ further developed this influential role, 
especially as an expert member of Government committees (see Benson, this issue). 

LJ had been a member of the Hora of Australia Committee of ANZAAS (the Australian 
and New Zealand Association for the Advancement of Science) and part of a delegation 
in 1960 to put the case to the Prime Minister's Department seeking support for a 
national Flora project. He was appointed to the committee that eventually led to success 
in that aim, the Interim Council of the Australian Biological Resources Study. During 
1973-5 that committee set guidelines, helped to make clear to the Federal Government 
the great need for the Flora of Australia, and visited institutions in major centres to 
discuss biologists' needs and to promote the new projects envisioned. The Flora program 
received Australian Government funding from 1979 and has been acknowledged 
internationally as highly effective, its success partly based on the associated grants 
program and the establishment of the core of editorial staff overseeing the work. 


Director, Royal Botanic Gardens Sydney 

LJ's period as Director, 1972-1985, proved a time of major progress and, especially 
while Neville Wran was Premier of New South Wales (1976—86), major projects were 
funded and changes implemented. 

LJ had seen Directors of the Gardens submerged in administrative and horticultural 
detail, and it was only when he acted briefly in the position before the appointment 
of Dr John Beard that he realised how the Directorship could be handled differently. 
He saw that change was possible with a clear concept of the role of the organisation 
and vision for its future (Johnson 1985), even though the Royal Botanic Gardens was 
still a peripheral part of the New South Wales Department of Agriculture for 
administrative purposes. 

The NSW Government, by Act of Parliament, in 1980 set up the Royal Botanic 
Gardens and Domain Trust. LJ had very cordial relations with, and received strong 
support from, the Trust and especially the Trust Chairmen of his time. Sir Alexander 
Beattie, Professor Michael Pitman and Mr John Ferris. Administratively the Gardens 
moved from the New South Wales Department of Agriculture to be associated with 
die Premier's Department in 1980. It found a compatible home among the cultural 
institutions there until, after the retirement of both Premier Neville Wran and LJ, it 
was moved to the Environment portfolio. 

A major aim in LJ's early years as Director was to obtain funding for a new building to 
house the Herbarium collections and scientific programs. Trust Chairman Sir Alexander 
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Beattie and L] eventually convinced Premier Wran of the urgency of the need. When 
funds were obtained LJ took a substantial part in the planning process, with colleagues 
and excellent architects Andrew Andersons and Brian Zulaikha, and defended the project 
against objections at that time from the Council of the City of Sydney. 

Completion of the Robert Brown Building in 1982 provided laboratories and 
reasonable working conditions for the first time in decades. This also paved the way 
for the Visitor Centre (later Gardens' Shop), the holding of exhibitions and even the 
formation of the Friends of the Royal Botanic Gardens. A Friends Society had been 
almost impossible without some meeting space — which was made available by 
moving the collections out of the old building. LJ and his botanical colleagues took 
a very active part in organising the XIll International Botanical Congress in Sydney 
in 1981. Many overseas visitors saw the crowded conditions soon to be vacated, 
since the new building was not completed for occupation until early the following 
year. At the opening of the building a sister-garden relationship with the Missouri 
Botanical Garden was announced, arranged through Dr Peter Raven, the eminent 
Director of that Garden. 

It is interesting that, although LJ's enthusiasm was greatest for the scientific work of 
the organisation, and he always spoke vigorously of its scientific importance, much 
of the development during his Directorship was in projects of a more horticultural 
nature. Indeed these would, as he predicted, shift the balance of the organisation 
towards its living collections rather than its botanical programs. LJ always hoped 
that these developments would, nevertheless, contribute to community appreciation 
and understanding of the iiatural world through education and awareness programs. 
Education programs within the Gardens had been initiated by Director John Beard 
and were now expanded under LJ's direction, including visits by Education Officers 
to remote schools in western New South Wales, while knowledgeable volunteer 
guides enhanced the experience of many visitors to the Gardens. Social change was 
also by now in evidence with women joining the horticultural staff. 

The Mount Tomah Botanic Garden was developed on land that had been offered to 
the Royal Botanic Gardens in the 1960s. Work and planning proceeded slowly until 
the Gardens were successful in obtaining development funds from the Australian 
and New South Wales governments. A Gondwanan theme, an initiative of LJ, became 
a major element in the plantings. 

Mount Annan Botanic Garden fulfilled an earlier hope, going back to the 1920s 
when Joseph Maiden sought to establish an arboretum in the south-west of Sydney, 
a hope that was now exceeded. With the Premier's support, at LJ's instigation, a 
suitable site was located and the project was planned and funded. He especially 
welcomed the greatly enlarged opportunity it presented to grow plants of known 
provenance and relevance to research, as well as to reach a wider community. 

Both the Mount Tomah and Mount Annan Gardens became Bicentennial projects, 
commemorating the Bicentennial of European settlement on this continent. 
Development, under LJ's direction, was ably implemented by Don Blaxell (Assistant 
Director, Living Collections) with planning help from the NSW Government 
Architect's Branch. Both were opened to the public after LJ's retirement, under his 
successor Professor Garrick Chambers. 

By now the journals Telopea in systematics and Ciinninghamia in ecology had replaced 
the former Contributions from the New South Wales National Herbarium. Publication 
committees and refereeing systems were established and the scientific output greatly 
increased. LJ was less enthusiastic about the development of computerised databases, 
although he realised that these were now needed, and though these were initiated 
during his directorship, linking the organisation's living collections and herbarium. 
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With LJ's encouragement the Flora of New South Wales was planned and work started 
in 1982, with funding and encouragement from the Trust. This four-volume work, 
edited and co-ordinated by Gwen Harden, was completed and published during 
Professor Chambers' directorship. 

The Pyramid Glasshouse had been planned during the directorship of Knowles Mair 
but opened while LJ was Director. A further large display glasshouse in the Sydney 
Gardens was now also planned and a substantial private donation towards its cost 
obtained, but construction did not occur until after LJ had retired. It now forms the 
greater part of the Tropical Centre. 

During this very busy time of major expansion, LJ greatly regretted that the resources 
of the organisation were spread so thinly that horticultural standards in the Sydney 
Gardens suffered. He hoped that consolidation and remedying such problems would 
follow the period of major expansion. Resources have continued to be limiting but 
new developments since his retirement have added features of quality, adding greatly 
to the interest of the Gardens to visitors. 

An advocate for a brief after-lunch siesta, followed by work late into the evening, 
he managed to 'protect' a siesta time most days (helped by secretaries and 
colleagues) even in his very busy years as Director, a daily program he has continued 
to the present. 


In retirement 

LJ did not intend to retire in 1985 but Government policies of that time strongly 
favoured youth employment and he found that retirement at age 60 years (rather 
than the expected 65) was demanded. This was in sharp contrast to policies opposed 
to age-discrimination in employment implemented only a few years later. Retiring 
when so many developments he had started were yet to come to fruition was a 
bitter matter, and this coloured his view for some years. 

Among the gifts from his colleagues when he retired was a large dictionary of 
Anglo-Saxon, a strange but appreciated gift for an Australian scientist. This reflects his 
intense interest in comparative languages. He delights in comparing the processes of 
development, modification and migration of languages with the processes of biological 
evolution. Respect for other languages, for him, includes correct pronunciation, and he 
perseveres in trying to improve his less informed colleagues' expression of foreign 
words, as well as of botanical names. The guide to pronunciation of botanical names, 
included in Hall & Johnson (1993), took these efforts to a wider audience. 

On retirement LJ was appointed by the Royal Botanic Gardens Trust as Director 
Emeritus and as an Honorary Research Associate. To continue effectively in research 
LJ required access to the collections at the National Herbarium of NSW, collections he 
had helped to build up. His successor as Director, Professor Garrick Chambers, actively 
supported LJ's continued role as a researcher here in retirement, when — somewhat 
later — others queried an ex-Director continuing at an institution he no longer directed. 
LJ s time as Director is in the past, his role as scholar and researcher continues. 

Most of the groups with which he has been concerned remain as active research 
interests, and a major study in the eucalypts jointly with Ken Hill has been completed 
(Hill & Johnson 1995). Other active projects are in Juncus and Casuarinaceae with 
Karen Wilson, and in Restionaceae and allied families with myself, Carolyn Porter, 
Simon Gilmore, Barbara Wiecek and previously Vivian Shanker, Anna-Louise Quirico 
and Siegfried Krauss. 
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LJ has been highly supportive of the development of a DNA laboratory for molecular 
plant systematics at the Royal Botanic Gardens and has actively followed literature 
in this important field. He was enthusiastic, as I was, when Honorary Research 
Associate Professor John Thomson helped us, with lunchtime 'lessons', to gain better 
understanding of this fast-moving discipline. [Professor Thomson would not use the 
term 'lessons' but rather 'discussions', but they were education by an expert of those 
who were much in need of patient instruction.] Macromolecular systematics is, in 
LJ's view as well as mine, now the most important source of new phylogenetic 
understanding. In conjunction with critically assessed morphology and phylogenetic 
reasoning this has given systematics a new excitement. With the work of Peter 
Weston, John Thomson, Peter Wilson and Simon Gilmore, the scientific standards 
that LJ did much to develop have been extended into new areas. 

LJ continues to serve on the Council of the Linnean Society of New South Wales, of 
which he has had two terms as President. He also continues to keep better informed 
on current scientific literature than many much younger botanists. The botanical 
advisory staff at the Herbarium find him to be a source of vast knowledge and helpful 
in sharing his ability to identify plants and impart botanical infonuation. For his part, 
LJ values the day-to-day contact with younger scientists, who are concerned with 
accuracy, equality and promoting wider community knowledge and understanding. 

Apart from botany and languages, his enthusiasms — all actively shared with Merle 
— have continued to be music, family (now finding time for excursions with his 
grandchildren), travel, railways, good food and wine, and tennis with family and 
younger friends. 

We wish Lawrie Johnson many more healthy, satisfying and productive botanical years. 
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L.A.S. Johnson; taxonomist, ecologist, 
conservationist ... botanist sens, lat 

Doug Benson 


Abstract 

Benson, D.H. (National Herbarium of New South Wales, Royal Botanic Gardens, Mrs Macquaries 
Road, Sydney, NSW, Australia 2000) 1996. L.A.S. Johnson: taxonomist, ecologist, conservationist ... 
botanist sens. lat. Telopea 6(4): 521-526. A brief account of the contribution of L.A.S. Johnson 
to the fields of ecology and conservation, during his research career and as Director of the 
Royal Botanic Gardens Sydney, is given. 


Introduction 

As Director of the Royal Botanic Gardens Sydney, and throughout his research career. 
Dr L.A.S. Johnson has had wide botanical interests, and his particular concern for 
the environment and its conservation has been evident to those who have worked 
with him. His contribution to taxonomy may be immense, but his broader views of 
plants and their ecological context, plants in the landscape, the uniqueness and 
importance of the Australian landscape, and of conservation issues broadly, have 
been woven into his writing, and are evident in his public and scientific life. 

With his appointment as a taxonomist (Assistant Botanist) at the Royal Botanic Gardens 
in 1948 Johnson began a long and productive scientific career that was to concentrate 
on systematic botany; this has always dominated his scientific output. However during 
his final years at Sydney University he had been influenced by the ecologist Noel 
Beadle (then lecturer and interested in the role of soil nutrients in determining vegetation 
patterns), and developed an interest in geomorphology, ecology and landscape. 


Plants and their ecological context 

Although his taxonomic interests are many, the eucalypts have been a major component 
of Johnson's work. Eucalypts form the dominant cover for much of the Australian 
landscape, particularly in New South Wales, and an understanding of their distribution 
requires more than an assessment of herbarium specimens — it requires a feel for, and 
knowledge of, the landscape and the local habitats within it. In A Classification of the 
Eucalypts, Pryor & Johnson (1971) draw upon 'information from the associated 
disciplines of genetics, ecology, and anatomy as well as amplifying the study of 
morphology along traditional lines' (pi). The variation patterns characteristic of different 
kinds of species or complexes subsequently described are strongly related to geographic 
distribution and broad landscape characteristics. In assessing the distinctiveness of the 
subgenera Johnson (pers. comm.) argues that there are basic ecological differences 
between them and that the predominance of a particular subgenus relates to differences 
in the nutrient content of the soils — Symplnjomyrtus species are most widespread on 
fertile soils while Monocalyptus are more common on the least fertile soils [the 
importance of soil fertility is a recurring and unifying theme throughout his work]. 
This is evidently the case for vegetation on the western Blue Mountains (Benson & 
Keith 1990) — [the broader picture was pointed out daily to the author during a cross¬ 
continental fieldtrip with LASJ in 1984]. 
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Similarly in his studies of the Casuarinaceae Johnson notes previously undescribed 
ecological differences at the generic level. His new genus AUocasimrim, is 'usually on 
soils markedly deficient in nutrients' (Johnson 1982), whereas Casiiarim, at least in 
Australia, occurs on the more fertile soils (LASJ pers. comm.). 


Implications for biodiversity conservation 

Plant systematics is a key component in the identification and conservation of 
biodiversity. Recognition of taxa and the variation within taxa is necessary if adequate 
conservation of biodiversity is to be achieved. Systematic work such as that of Johnson 
provides assessments of the extent of variation within and between populations — 
how revisions of certain groups have been made affects the way plant communities 
have been described and species conserved. 

For example, the number of eucalypt species recognised has increased from about 450 
in 1971 to 800-900 in 1995, as a result of the work of Johnson and others in the 1980s 
and 90s. The increasing number of species has been partly due to the discovery of 
many previously unknown species in remote areas as well as in some frequented 
places [despite a 1971 prediction by Pryor & Johnson that 'It is likely that relatively 
few taxa still await discovery as a result of exploration in relatively little-known areas']. 

The increased number has also been due to an increasing focus on previously 
described species. Johnson's eucalypt research includes extensive reassessment of 
formerly accepted species and their subdivision into new taxa (mostly species). He 
has always been interested in the importance of recognising areas of variation and 
potential genetic diversity within taxa, often leading to the recognition of many 
species within former large groups. He regards ecological aspects, including habitat, 
soil type, nutrient levels, drainage, geographical distribution etc as important 
contributory data in determining the distinctiveness of taxa. By considering aspects 
such as geographic isolation and local habitat, Johnson highlights the variation within 
previously broadly-defined species and separates them into separate species. Species 
recognised by Johnson include the mallee ashes. Eucalyptus dendromorpha, E. rupicola 
(Johnson & Blaxell 1972) and E. laophylla (Hill & Johnson 1991); Eucalyptus dorrigoensis, 
previously a subspecies of Eucalyptus bentliamii, Angophora crassifolia, previously a 
subspecies of A. bakeri, and Angophora euryphylla, a subspecies of A. costata (Johnson 
& Hill 1990). Formal systematic recognition of variation makes its overall conservation 
achievable, as conservation strategies to protect each species (the most frequently 
used unit of biodiversity) can then be established. Of the 70 taxa of Eucalyptus and 
Angophora on the national Rare or Threatened Australian Plants list (ROTAP) 41 
have Johnson as author or coauthor. 

L.A.S. Johnson has always been prepared to argue for the protection of occurrences 
of localised rare species. He encouraged the author to recommend the protection of 
Eucalyptus benlhavtii at Bents Basin (subsequently Bents Basin State Recreation Area), 
for example, and personally took up the case for a small area of Allocasuarina diminuta 
at Kingsford. He has also been a strong advocate for recognising the importance of 
conserving examples over the whole of species' distributional range including 
geographical extremes. 


Plants in their landscape 

Perhaps L.A.S. Johnson s most perceptive ecological insights are in his work on the 
sclerophyllous flora, doubtless influenced by Noel Beadle's work (for example Beadle 
1954). Because Johnson's ecological contributions have been included as often-incidental 
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comments in papers and journals devoted primarily to systematic botany they have 
been overlooked by many ecologists [much to the exasperation of LASJ]. In studies on 
Proteaceae Johnson discusses the importance of soil fertility in the evolution of the 
flora and argues that the characteristics of the scleromorphs are associated with survival 
in nutrient-deficient situations and only to a lesser degree with climatic stress. Johnson 
& Briggs (1981) take up the liistory of the scleromorphic floras in terms of world 
distribution, ecogeography and the development of sclerophyll communities based on 
their studies on the Myrtaceae, Proteaceae and Restionaceae ('three old southern 
families'). They argue that the low-nutrient (and chiefly scleromorphic) floras and the 
various floras on moderate- or high-nutrient substrates remained highly distinct since 
their differentiation, perhaps as early as the Palaeogene. There was further modification 
by additional speciation under the mediterranean climate in south-western Australia, 
and in eastern Australia under less regular periods of drought. Some low-nutrient 
scleromorphs penetrated the edaphically poorer parts of the newly-expanded arid 
regions. A salient point that Johnson & Briggs make is that 'with very few exceptions, 
they [the low-nutrient scleromorphs] did not spread into the adjacent moderate- or 
high-nutrient areas' [their emphasis). 

His passionate interest in low-nutrient scleromorphic vegetation led Johnson to 
recognise the importance of eutrophication as a major factor in weed invasion along 
creeks in Sydney sandstone areas in 1970s, at the same time as others (Don Adamson 
of Macquarie University, Eileen and Joan Bradley, initiators of bush regeneration 
strategies) were calling for action. 

'On the local front, resist by all legal means the unnecessary fouling of gullies by 
residential or other development at their heads, leading to mineral enrichment and 
choking by weeds.' he wrote in the Preface to Flowers mui plants ofNeiu South Wales and 
Southern Queensland (Rotherham et al. 1975). 'Resist "reclaiming" (a profoundly dishonest 
word) of swamps. Prevent building on headlands and unnecessary artificial revegetation 
of sand-dunes. Oppose clearing, mowing, planting of roadsides; let the native vegetation 
or even harmless "weeds" grow — they will support a rich life of invertebrate animals 
and some birds and other vertebrates (though certain noxious weeds cannot be tolerated 
and harbour for rabbits must sometimes be destroyed). Keep even the smallest patches 
of native or semi-native vegetation — the large reserves alone are not enough.' 


The uniqueness and importance of the Australian landscape 

His ecological interests are probably expressed most strongly in his commitment to 
conservation. He stressed the importance of retaining roadside remnants in the 1960s, 
raising concerns that would become mainstream in the 1990s in the work of 
organisations such as Greening Australia and Landcare*. 'Large areas of the Australian 
landscape derive much of their character from trees that are survivors from forests or 
woodlands previously existing in areas now mainly cleared. Many of these trees are 
already old, and grazing and cultivation are preventing natural establishment of their 
progeny' wrote Johnson & Briggs in 1971 in an article on Unplanted trees: the value of 
natural regrowth. They argued that natural regeneration not only provided windbreaks 
and shelter but maintains the distinctive Australian character of the landscape and 


* Many botanists have been concerned at the destruction of vegetation and loss of species. For 
example W. Woolls wrote in the late 1880s of the loss of local biodiversity, while J.H. Maiden 
wrote much on the unnecessary destruction of forests and the degradation of rural land in the 
early 1900s. While the work of botanists may not have been directly influential in changing 
community attitudes, the results of their ongoing research do provide a solid basis for necessary 
action once the need for change is finally recognised. 
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preserves scientifically valuable information about the pre-existing vegetation. They 
also emphasised the importance of using locally collected seed in revegetation projects 
to maintain local genetic provenances. The dieback of mature Eucal^pltts trees in rural 
areas particularly in the New England area in the f 980s had an obvious and shocking 
impact on the rural landscape. Resulting from the cumulative effects of decades of 
rural activity and the failure to nurture regeneration, the loss of the natural species 
patterns was of particular concern to Johnson. He noted that the patterns of dieback 
were related to particular eucalypt groups and to particular soil types, mainly the 
most fertile soils with species of subgenus Symphi/oim/rtus. The trees on poorer soils 
were relatively unaffected. While the causes are more complex, involving weather 
conditions, insects, birds, pasture improvement and overclearing and grazing, the 
general ecological position was not grasped for some time, and Johnson was concerned 
at the further alteration of the landscape by those trying quick-fix solutions such as 
the planting of exotic conifers and non-local native trees. Johnson argued for further 
protection of remnant vegetation and the replanting with species not only native to 
the area, but collected from local seed sources to retain its local genetic identity. 

A major issue for the expanding conservation movement in the 1960s was mineral¬ 
sandmining on the North Coast which was destroying extensive areas of coastal 
heath and forest on low-nutrient soils, areas that had previously remained undisturbed 
and were seen as an important part of a new coastal national parks system then 
being proposed. Johnson was concerned to see that the scientific values of the 
vegetation were included in the debate. However, as a Division within the Department 
of Agriculture at the time, the Royal Botanic Gardens was restricted in the 
conservation issues it could pursue, input on such issues depending on the 
professional standing of individual officers. Johnson was able to provide scientific 
input as a member of the Committee of the New South Wales Government to Review 
National Parks, State Parks and Reserves in 1967 and subsequently on the Sim 
Committee (Committee of Inquiry on Differences and Conflicts between Interests of 
Parks and Conservation Authorities, Scientific Bodies and Mining Companies), but 
the committee work was frustrating. Though public support for environmental 
standards and conservation was rapidly growing worldwide and locally, it was still 
too weakly expressed to be a basis for firm action by many politicians. But the 
committees followed and overlapped conservation campaigns spearheaded by 
bushwalkers and helped to focus expression of community concerns. By the time the 
Sim Committee completed its work the community attitudes assumed at its start, at 
least by the mining industry representatives, could no longer be taken for granted. 
The Committee had helped to make obsolete the basis from which it had started. 


As Director 

At the end of his term as Director (1972-1985), Johnson described the Royal Botanic 
Gardens as being in the business of seeking and communicating an understanding of 
life (Johnson 1985a). On the scientific side he had tried to broaden the traditional 
taxonomic base by encouraging biosystematic, palynological and phycological studies, 
and the hicreasing use of modern equipment such as the scanning electron microscope. 
He was also a strong advocate of fieldwork. In ecology he supported the two existing 
ecological staff and two additional assistants subsequently provided directly by the 
Public Service Board, but did not increase the ecological staff further as any additional 
staff would have been at the expense of systematic botany positions. He always 
considered that the prime function of the scientific section was systematic botany and 
indeed ensured that under the Roijal Botanic Gardens and Domain Trust Act 1980, the 
Trust, in meeting its Principal objectives 'is also required to give particular emphasis 
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to encouraging and advancing the study of systematic botany.' Whether this is too 
narrow a focus for the main scientific resources of the Royal Botanic Gardens over the 
longer term remains to be seen. With the increasing recognition of the importance of 
the conservation role of the Gardens and the evidence that Johnson was able to use 
ecological concepts and data to the benefit of his systematic studies, more emphasis 
on ecology may be an appropriate, and productive, future strategy. 

L.A.S. Johnson strongly supported the publication of scientific work and was actively 
involved in setting up the Royal Botanic Gardens ecological journal Cunninghamia. 
After being moved from Agriculture to the Premier's Department in 1979, and with the 
increased autonomy prcivided by establishment of the Trust in 1980, the Gardens was 
free to take a more active role in broader issues. Johnson encouraged the organisation 
to submit views on the major environmental issues of the day, such as the conservation 
of rainforests, better land management in the Western Division, or recommendations 
of specific areas to be conserved. Occasionally he had to support his staff when senior 
officers in other sections of government were displeased where these views were 
contrary to the often short-sighted developments proposed by other departments. 


Conservation issues 

L.A.S. Johnson has always been concerned with broader conservation issues and in 
particular with the need to curb population growth and to 'respect man but do not 
worship him or the gods he has made in his image to favour his expansion at the 
world's expense'fjohnson 1975). In response to the ecological and environmental 
dangers posed by the conventional belief in the absolute necessity of continued 
economic growth, he has taken an active interest in non-growth steady-state 
economics (e.g. as proposed by Herman Daly, Louisiana State University). 

'We need schools of economics freed of political preconceptions and antiquated ideas 
of left and right, which are now matters of minor import in our coming crisis. We need 
them to put their energies into seeking economic solutions that do not involve increasing 
or even maintaining GNP (gross national product).' (Johnson 1985b) 

We live in a time in public administration when the perceived importance of the 
administrator and manager, frequently overrides the importance of expertise and 
insight. While organisations say the right things in mission statements, they fail to 
deliver because of budgetary constraints, priorities set wrongly or lack of 
understanding of science and its significance and needs (by managers with primarily 
administrative training). The senior person who actually believes in the worth of an 
organisation and its commitment, is to be valued. The Royal Botanic Gardens, and 
the wider community, have been fortunate to have had among its succession of 
directors a figure such as L.A.S. Johnson. 
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Rainbows in retrospect; L.A.S. Johnson's 
contributions to taxononnic philosophy 

David L. Hull 


Hull, David L. (Department of Philosophy, Nortinoestern University, Evanston, IL 60208) 1996. Rainbows 
in Retrospect: L.A.S. Johnson's Contributions to Taxonomic Philosophy Telopea 6(4): 527-539. Thirty 
years ago, L.A.S. Johnson wrote an extensive evaluation of the principles and techniques of 
numerical (or phenetic) taxonomy. Ten years ago he returned to these topics and this time included 
the principles of cladistic taxonomy as well. In this paper 1 re-examine Johnson's criticisms of 
phenetic and cladistic taxonomy to see how well they stand up to the test of time. On the main 
they stand up very well indeed. 


Introduction 

In 1968 in a Presidential Address to the Linnean Society of New South Wales, Johnson 
pubhshed a blockbuster of a paper criticizing numerical taxonomy. At the time I wrote 
at the top of my reprint of this paper 'The most stimulating paper that I've ever read.' 
Two years later this paper was reprinted in Systematic Zoology with an Addendum. 
Thereafter, Johnson remained all but silent on taxonomic methodology and philosophy 
until 1987 when he participated in a symposium at the 14th International Botanical 
Congress in Berlin (Johnson 1989). In his 'Rainbow's End,' Johnson presented a highly 
sophisticated view of systematics, not to return to these topics again for almost two 
decades. Why the long hiatus? Johnson (1989: 95) himself explains: 

Discussions of methodology in science tend to be much more prolix and less 
profitable than those of what we might loosely call fact, or of theory as it 
relates to the linking of facts and extracting generalizations about their relations 
to each other, whether in a causal framework or simply a correlative one. Far 
too much time, I believe, has already been spent on the methodology of 
taxonomy and indeed of phylogeny. 

Although my own contributions to systematics have been entirely within the context 
of taxonomic philosophy and methodology, I am forced to agree with Johnson about 
the relative value of methodological discussions to matters of fact and theory (Hull 
1979: 419). As in the case of political systems, many scientific systems may look 
good in principle, but when it comes to applications, they are disasters. Putting a 
particular method to work in order to see what the results are is the ultimate test of 
any methodology, and Johnson was in a position to do just that. 

Roughly thirty years have passed since Johnson and I started writing on systematics. 
Throughout this period we have found ourselves in basic agreement. We both agreed 
with the numerical taxonomists that systematics practice should be made as explicit, 
objective, quantitative, and repeatable as possible but were skeptical of what we 
took to be the overly empirical philosophy underlying numerical taxonomy. Johnson 
also presented specific criticisms of some of the mathematical techniques suggested 
by the numerical taxonomists. Finally, when cladistics arose, we had pretty much 
the same reaction to it. It seemed too 'rigid.' We also were equally put off by the 
later development of 'pattern' or 'transformed' cladistics, once again because we 
had our doubts about the extremely empirical philosophy that seemed to underlie it. 


528 


Telopea Vol. 6(4): 1996 


From the 20:20 perspective of hindsight, how do our views look today? On which 
issues did we turn out to be right? On which issues do we now seem to have missed 
the mark? More importantly, what effects did these two periods of heightened activity 
in taxonomic philosophy and methodology have on systematics? In the following 
pages 1 deal with Johnson's early evaluations of numerical taxonomy as well as his 
later criticisms of cladistics. 


What's in a name? 

Robert Sokal, Peter Sneath, Paul Ehrlich and others decided in the late 1950s that 
systematics, as it had been practiced for generations, was too subjective, impressionistic 
and downright messy. They decided that taxonomic method had to be made more 
explicit, quantitative, objective and repeatable. In short, they wanted to eliminate what 
Simpson (1961) termed the 'art' in systematics. The founders of this school of systematics 
preferred to call themselves 'numerical taxonomists,' to emphasize the increased role 
that they saw for computers and various mathematical techniques in systematics, but 
they also formulated a general theory about proper scientific method, the sort of 
methodology that they thought necessary if systematics was to become quantitative. 
In particular they repeatedly warned about allowing a priori speculation to enter into 
the early stages of classification, and among the most dangerous sorts of a priori 
speculations were those that concerned the evolutionary process or possible 
phylogenetic relationships. Systematists should limit themselves to observable features 
of organisms, at least in the early stages of classification. As a result of their emphasis 
on phenotypic characters and their anti-theoretic stance, their opponents termed them 
'pheneticists' or more accurately 'numerical pheneticists.' 

As my use of quotation marks in the preceding discussion indicates, I have some 
doubt as to exactly what the school of systematics initiated by Sokal and Sneath 
should be termed — numerical taxonomy, phenetic taxonomy, or numerical phenetics. 
In the past decade or so, several schools of thought have arisen in the humanities in 
which concern with language swamps any interest in the non-linguistic world. For 
these folks, it seems that the term used to refer to the AIDS virus is vastly more 
important than the development of a vaccine or treatment for this terrible disease. 
These 'postmodernists' seem to think that we can chat our way to solutions to the 
world's problems. Once we rework language to eliminate sexist, racist, homophobic, 
etc. connotations and implications, all will be well. Socially sensitive and politically 
correct language will rule the day. 


Numerical taxonomy and phenetics 

As can easily be inferred from my characterization of these various schools of thought 
in the humanities, I am not especially taken with them. Even so, need I convince 
systematists that names do make a difference? For example, Sneath (1995: 281) sees 
an 'ambiguity in the meaning of the term "numerical taxonomist" between the original 
broad sense of those who use any quantitative computer methods and the narrow 
sense of a discernable group of systematists who practice numerical phenetics.' If 
numerical taxonomy is defined in terms of the use of quantitative techniques, then 
it has been extremely successful, because the taxonomic literature is now filled with 
algorithms and computer programs. However, even though Camin and Sokal (1965) 
published one of the earliest papers on using computers to infer phylogeny, numerical 
cladistics is not seen as a branch of numerical taxonomy. Instead, fair or not, it is 
viewed by most systematists as a branch of cladistics. Numerical taxonomists would 
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like the huge literature on numerical cladistics to count as part of numerical taxonomy, 
but thus far they have not been very successful in this regard. 

Although many systematists objected to the 'numerical' aspect of numerical taxonomy 
just because it was numerical, Johnson did not. He raised objections to certain of 
these techniques but did not reject the basic goal of making systematics as quantitative 
as possible. He merely concluded that taxonomic evaluations could not be made 
entirely quantitative. In his own taxonomic work, Johnson used the comparative 
method but not in a formal, mathematically rigorous way. As he remarked in 1972, 
he himself had not used taximetric methods because the kind and quantity of data 
needed for such studies were not available. However, he hoped that 'within the next 
decade it will indeed be feasible to carry out taximetric analysis both by variable- 
strategy phenetic techniques and by the use of phyletic (cladistic and perhaps patristic) 
models' (Johnson 1972:12). 

Because Johnson clearly understood the quantitative techniques being devised, such 
numerical taxonomists as Sokal and Sneath took his criticisms seriously. Johnson was 
not a mathematical Luddite. In fact, Sokal and Sneath would have very much liked to 
persuade Johnson to join with them in their efforts to improve taxonomic principles. 
They failed. Johnson joined no 'school' of taxonomy but tended to his Eucalypts. 

Certainly one of the goals of numerical taxonomy was to make systematics as 
quantitative as possible, but this group of systematists also set out a basic philosophy 
that sounded quite hostile to what they termed 'a priori speculation.' As Sokal and 
Sneath (1963: 55) put this position: 

A basic (and very controversial) attitude of the proponents of numerical 
taxonomy is the strict separation of phylogenetic speculation from taxonomic 
procedure. Taxonomic relationships between taxa are to be evaluated purely 
on the basis of the resemblances existing noiu in the material at hand. The 
relationships are thus static ... or phenetic, as we now prefer to call them. 

At the time, Sokal and Sneath were interpreted as opposing a priori speculation 
entering into the classificatory process, at least in the early stages of classification. 
The unequal weighting of characters because of their presumed phylogenetic 
importance was their usual target (Sokal & Sneath 1963:16, 34, 50), but they also 
questioned 'speculation on phyletic relationships based on neontological evidence ... 
since there is no way of being certain which embryonic features do and which do 
not reflect that actual phylogeny' (Sokal & Sneath 1963: 24). 

Later Sneath and Sokal (1973: 6, 23) repeated their objections to a priori weighting 
but added that 'phenetic similarity can be based on equally or unequally weighted 
characters as long as the operation for obtaining the similarity has been defined 
explicitly by the investigator' (Sneath & Sokal 1973: 29). They did not object to 
weighting just so long as it was done in an explicit, testable, quantitative way. In a 
recent retrospective evaluation of numerical taxonomy, Sneath (1995: 285) finds it 
'perverse to to imply [thatj phonetics is theory free or that phylogeny requires no 
models of evolution (points that have regrettably been misunderstood by philosophers 
of science)' — including this one. 

I must plead guilty. 1 really did think that pheneticists objected to letting theoretical 
speculations about such things as the connection between ontogeny and phylogeny 
enter into classification, especially in the early steps. At least, I shared this 
misinterpretation with Johnson. When Johnson (1989: 96) returned to taxonomic 
philosophy, he remarked that the 'pure phenetic approach to taxonomy is now 
moribund, or indeed to many of us, quite dead.' If Sneath is right, phenetic taxonomy 
was never born in the first place. No one ever held any of the beliefs usually attributed 
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to the pheneticists. All that pheneticists ever intended was that systematists should 
pay attention to data and not assume that they know which taxa are phylogenetically 
related to which prior to running the necessary studies. In no way can systematics 
be theory free even in the earliest stages. On this interpretation, phenetics is anything 
but controversial. 

However, several participants at a conference 1 attended on the species concept in 
Cardiff, Wales in the spring of 1995 seemed to be as hostile as ever to theories 
entering into the early stages of classification — theories of any kind. In Great 
Britain, at least, phenetics in the sense of theory-free classifications still has some 
enthusiastic supporters. If these systematists represent a larger group, phenetics is 
far from dead. 1 also feel compelled to note that, after a few initial polite responses 
to the papers being presented, the proceedings became more lively, reminiscent of 
the good old days when the New York code of conduct prevailed. 


Cladistics and cladistics 

To complicate matters further, one branch of cladists has been interpreted as sharing 
the anti-theoretic stance frequently attributed to the pheneticists, a group that is 
commonly termed 'pattern cladists.' Johnson (1989: 95) dismisses transformed 
cladistics as 'meaningless.' Once again, terminology is controversial. Initially cladists 
did not want to be termed 'cladists' (Nelson 1971), and later 'pattern cladists' objected 
to being singled out to be grouped together under a new name. However, several of 
Hennig s most productive and original descendants reject his method of reciprocal 
illumination and argue, as did ideal morphologists and pheneticists before them, 
that systematists must begin with observations and nothing but observations. Any 
intrusion of theoretical speculation, especially speculation about phylogeny or the 
evolutionary process, in the early stages of classification is hopelessly 'unscientific.' 
The abstract of Platnick s (1979: 537) 'Philosophy and the Transformation of Cladistics' 
serves as a good early summary of this view: 

Although Hennig presented cladistic methods by referring to a model of the 
evolutionary process, neither the value nor the success of the methods is limited 
by the value or success of that evolutionary model. Dichotomous cladograms 
can be preferred simply on the basis of their maximal information content, 
without reference to speciation mechanisms. Because only the interrelationships 
of diagnosable taxa (those with unique sets of apomorphic characters) can be 
investigated, questions about wliether speciation can occur without branching, 
or whether species become extinct at branching points, are irrelevant to cladistic 
practice. The distinction between plesiomorphic and apomorphic character states 
depends not on the reconstruction of actual evolutionary history, but on the 
discrimination of more general from less general characters; groups based on 
plesiomorphy are defined by the absence of characters and are therefore artificial. 
Hence, cladistic methods are not the methods of phylogenetics per se, but the 
methods of natural classification in general; phylogenetic conclusions are an 
extrapolation from hypotheses about natural order. 

As Platnick sees it, cladistics does not consist in the methods necessary to produce 
phylogenetic classifications of the sort that Hennig had in mind but are the methods 
o natural classification in general. However, as wrong as Hennig was on so many 
points, Platnick (1979: 538) insists that cladistics has not been transformed because 
Hennig s methods for analyzing data and constructing classifications from them, 
remain essentially unchanged,' and Hennig's methods are the essence of his 
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phylogenetics. Without realizing it, Hennig had set out the general principles of 
natural classification. Cladistic methods discover timeless, static patterns, and patterns 
are necessarily prior to the processes that produce them. 'Pattern analysis is, in its 
own right, both primary and independent of theories of process, and is a necessary 
prerequisite to any analysis of process' (Nelson and Platnick 1981: 35). 

Although Hennig did not distinguish clearly and consistently between cladograms 
and trees. Nelson and Platnick (1981:141-42) do. Cladograms have no necessary 
connection to evolution. Cladograms represent patterns within patterns, and this 
concept of patterns within patterns is an 'empirical generalization largely independent 
of evolutionary theory, but, of course, compatible with, and interpretable with 
reference to, evolutionary theory. The concept rests on the same empirical basis as 
all other taxonomic systems (the observed similarities and differences of organisms).' 

Nelson and Platnick (1981:142) go on to note that two of the basic elements of 
cladistic analysis (relationship and monophyly) are 'definable only with reference to 
the branching diagram, and carry no necessary evolutionary connotation.' However, 
the concept of patterns within patterns is 'not wholly independent of evolutionary 
theory' because its third element (synapomorphy) is commonly interpreted only in 
connection with evolution. But, if 'synapomorphy' is defined 'purely as an element 
of pattern — a unit of resolution, so to speak,' then cladistics becomes the 'general 
theory of taxonomy of whatever sort' (see also Nelson & Platnick 1981:165). Parallel 
observations hold for the term 'homology' as well (Nelson & Platnick 1981:159). 

Thus, 'cladistics' in the broad sense concerns the general methods of discovering 
patterns within patterns, while 'cladistics' in the narrow sense is limited to the study 
of those patterns that arise through the evolutionary process. With respect to cladistics 
in the broad sense. Nelson and Platnick (1981:324) note that some persons 'may 
think it strange to use words beginning with "dado-" in a sense divorced from 
evolution and phylogeny' but go on to argue that such usage is justified given the 
etymology of the term. 

Reference to 'cladistics' in a broad and narrow sense may sound reminiscent of 
Sneath's (1995:281) distinction between 'numerical taxonomist' in the broad and 
narrow sense, as it should. 'Numerical taxonomy' refers both to the use of quantitative 
techniques in systematics and to numerical phenetics. 'Cladistics' refers both to the 
general principles of the recognition of patterns within patterns and more narrowly 
to the applications of these principles to phylogeny. 

As in the case of pheneticists, cladists reject the view that they ever held that 
classification can be or should be theory free or theory neutral. From the start. 
Nelson and Platnick (1981: 301) acknowledged that a character is a 'theory that two 
attributes which appear different in some way are nonetheless the same (homologous). 
As such, a character is not empirically observable, and the hope of pheneticists to 
reduce taxonomy to mere empirical observations seems futile' (see also Platnick 
1979: 542, 1985:88). 

By now, it should be clear that the notion of theory-free classification is far from 
clear. Both the pheneticists and the pattern cladists claim never to have held the anti- 
theoretic views attributed to them. On this score, Johnson and I are both equally 
guilty because both of us thought that pheneticists and pattern cladists had something 
against letting 'theories' enter into the classificatory process, especially in the early 
stages. As it turns out, the issue is merely which theories are to enter into the 
classificatory process right from the start. As Platnick (1985: 88) sees it, 'phenetics is 
no more theory-free than is cladistics — it's just based on a different theory' (for 
more recent views on pattern cladism, see Grande & Rieppel 1994). 
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In 'Rainbow's End' Johnson paid equal attention to both the numerical and the phenetic 
aspects of 'numerical phenetics/ In this paper 1 discuss only his philosophical objections. 
This decision on my part tends to work against the numerical taxonomists, making 
them look much less successful than they actually were, but I am a philosopher, not 
a mathematician. Any evaluations I might make of Johnson's mathematical criticisms 
of numerical taxonomy would be derivative at best. In his later comments, Johnson 
(1989) criticized both the particular computer programs devised by cladists and the 
philosophical stance known as pattern cladism. Once again, I am forced to limit myself 
to his philosophical criticisms. Although I went to IBM school in 1955, my computer 
skills are decidedly below those of the average teenager today. To complicate matters 
further, no one seems to have ever held the philosophical views that Johnson and I 
once criticized. Were we as confused as later authors claim? 

Overall similarity and general purpose classifications 

The main message of Johnson's presidential address was that there is no one correct 
classification of plants and animals — no crock of gold at the end of the rainbow — 
and the search for such a classification is futile and misguided. One of the chief errors 
made by early pheneticists was believing that something properly termed a 'general 
purpose' classification reflecting 'overall similarity' was possible. Johnson (1968:11) 
traces this belief to two philosophical views — operationism and British empiricism: 

The background to this way of thought is the 'operational' approach of logical 
positivism, a more far-reaching anti-metaphysical philosophy than empiricism 
but, like empiricism, of obvious appeal to the scientific mind. 

According to operationism all scientific terms, even the most theoretical, are to be 
defined totally and exclusively by the operations used in their application; e.g., the 
general concept of length in physics is to be defined in terms of meter sticks, light 
triangulation, etc. Empiricists want to ground all knowledge in observations. Not 
only must we begin all scientific investigations with observations and nothing but 
observations, but also all scientific knowledge must be justified in terms of observations 
and nothing but observations. The appeal of both of these tenets to scientists is clear. 
As Johnson sees it, scientists really do need explicitly stated ways of applying their 
concepts, and observations do play a necessary and important role in science. The 
issue is the 'nothing-but' interpretation of these tenets. 

Johnson zeroes in on the correlative notions of overall similarity and general-purpose 
classification as one of the weakest parts of phenetic taxonomy. He argues at great 
length and with considerable skill that both notions are 'metaphysical' in the sense 
that neither can be operationally defined in even the weakest sense. Nothing out 
there in nature answers to the name 'overall similarity.' Any set of objects can be 
described in indefinitely many ways. Although we can limit ourselves to certain 
attributes and regularities if we so choose, such choices are inherently arbitrary. In 
short, 'there is still no parametric value of similariti/' (Johnson 1968: 22; see also 1989: 96). 
As a result, the notion of a general purpose classification is a metaphysical delusion 
(Ehrlich & Ehrlich 1967, Ghiselin 1969). 

For a group of scientists who were so concerned to be as hard-nosed and observation- 
based as possible, the existence of such a clearly metaphysical notion as overall similarity 
at the heart of phenetic taxonomy is disconcerting. Pheneticists expressed extreme 
doubts about our ability to reconstruct phylogeny. For most groups we have little if 
any fossil evidence, including the Proteaceae as Johnson and Briggs (1963: 22-26, 
1975: 94) readily admit. Even in those cases in which we have a reasonably rich fossil 
record, no unique ordering into phylogenetic trees is possible. Numerous alternative 
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trees are always possible, and to make matters worse, given any one tree, several 
alternative ways can be found to classify the groups that make it up. 

These worries about phylogeny are genuine, but certainly no more genuine than 
worries about discerning overall similarity (or affinity) and reflecting it in a general- 
purpose classification. If anything, reconstructing phylogeny is more operational than 
determining overall similarity. As Johnson (1968; 24) put this point: 

We may not know the details of phylogeny but (unless we reject biological 
evolution) we must accept that they exist uniquely in space and time, and 
therefore form a concrete basis for concepts of phylogenetic relationship, 
however defined. In contrast, the notioir of 'affinity' is subject to unlimited 
variation and any claim for a firm basis for it must be metaphysical. 

To be sure, reconstructing phytogenies is extremely difficult, but at least the goal is 
clear. In the case of overall similarity, we do not even know what it is we are 
attempting to approximate, even if it does flit like a ghost before the mind's eye. 

Looking back over thirty years at Johnson's critique of overall similarity and general- 
purpose classifications, I find his objections to be as well taken now as they were then. 
Although some numerical taxonomists came to see problems with these notions quite 
early, Sokal (1985:5, 16; 1986:423) and Sneath (1995:284) continue to view overall 
similarity and general-purpose classifications as part of the fundamentals of numerical 
taxonomy, albeit in a somewhat modified form. As Sneath (1995: 284) observes: 

The power of overall similarity measures to construct taxonomic groups, to 
determine evolutionary relationships, and for identification has been amply 
borne out, even if somewhat different forms of similarity may be needed for different 
purposes (emphasis added; see also Sneath & Sokal 1973: 28, 107, 109). 

From the preceding quotation, one might conclude that Sneath has abandoned the 
notion of a single measure of overall similarity for numerous special-purpose 
measures of similarity, a position in keeping with an abandonment of the notion of 
a general-purpose classification for numerous special-purpose classifications (Ehrlich 
& Ehrlich 1967). 


Vicious circles and reciprocal illumination 

As Johnson (1968:11) points out, any scientific inquiry must either begin from 
unsubstantiated first principles or be led into an infinite regress. The whole point of 
axiomatization is to formulate first principles by which all the rest of the system can 
be derived, and these first principles receive no substantiation within this system. If 
they are to be justified at all, these justifications must come from the outside. But 
this insoluble problem arises in the context of the rational reconstruction of science. 
Scientific practice is quite a different matter. Johnson agrees with Popper and Hennig 
that there is no one place where all scientists can and must begin. Scientists begin 
wherever they happen to find themselves and then proceed in a sort of feedback 
process in which improvements in one area lead to improvements in another area, 
and another area, and so on until this process reflects back on the original contribution, 
leading to an improvement in it. 

Eor example, systematists working on a particular group may have extensive data on 
Recent species but little fossil evidence. Some of these systematists may decide to 
delve into the fossil record to see if they can find anything to supplement their 
knowledge of present-day species. Others might try out different computer programs 
to see what happens. Several different programs may focus on the same problem; e.g.. 
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the patterns produced by one suite of characters are consistently different from the 
patterns discernible using all the other characters. Hence, they might look much harder 
at the discordant characters to see if they might have been individuated incorrectly. 
Embryological investigations might show that these suspect characters have been 
misidentified. Probably the most difficult aspect of cladistic analysis is to distinguish 
primitive from derived characters and to organize them into transformation series. 

The trouble with the views of scientific method set out by Popper (conjectures and 
refutations) and Hennig (reciprocal illumination) is that they portray scientific method 
as being messy. There is no one preferred way to begin scientific investigations. You 
start out wherever you happen to be and try one damned thing after another. If one 
hne of research doesn't work out, try some other avenue. It may turn out to be a 
dead end too, or you might succeed in organizing a large area of science into a 
single system. In short, there is no such thing as the scientific method. As Johnson 
(1972:12) characterized his own method: 

Since we accept, as indeed most pure pheneticists do, that the characters of 
organisms which are important to them, and to us, are determined largely by 
their evolutionary history, we inevitably become involved in partial circularity of 
argument if we base our classificabons themselves to some degree on phylogenetic 
considerations and interpretations. The building of such partially phylogenetic 
classifications involves some positive feedback from conclusions to argument, 
and hence incurs stern disapproval from those who seem to think that scientific 
investigation and interpretation should depend on simple elementary logic. 

Numerical taxonomists were not the first to see that messy lines of inference run the 
danger of becoming circular. However, the only alternative is to have a Descartian 
'straight line' methodology in which first one does A, totally and perfectly, and then 
one does B, just as totally and perfectly, and so on. No errors ever get introduced 
into science. Hence, none ever have to be eliminated. Although Johnson admits that 
sometimes systematists have lapsed into arguing in circles, he insists that traditional 
phylogenetic methods themselves are not inherently circular. 

Back in 1968 1 agreed with Johnson, and I still do. But as I mentioned previously, 
systematists such as the pheneticists and pattern cladists, who seemed to have been 
arguing for straight-line scientific methods that exclude all theoretical speculations 
in the early stages of classification, now claim that they have been seriously 
misinterpreted. Although Sokal and Sneath (1963:22) rejected Hennig's method of 
reciprocal illumination as one more example of the 'much-condemned vertical 
construction of hypothesis upon hypothesis,' later they set out a method that looks 
very much like reciprocal illumination: 

It should be clear that generalizations about the taxa cannot be made before 
one has recognized the taxa; that taxa cannot be recognized before the 
resemblances between organisms are known; and that these resemblances 
cannot be estimated before organisms and their characters have been examined 
(Sneath & Sokal 1973; 5). 

Thus, systematists must start with examining organisms and their characters, then 
proceed to estimating resemblances between organisms, then to the recognition of 
taxa, and finally to generalizations about taxa. This procedure looks very much like 
a straight line methodology, but Sneath and Sokal (1973: 5) go on to acknowledge 
that 'some of these steps may be in effect combined in certain computational methods, 
or the whole procedure may be repeated a second time for some special reason.' 
However, whenever such repetition occurs, the 'order of the steps within the 
procedure cannot be changed without destroying the rationale of the classificatory 
process' (Sneath & Sokal 1973: 5). 
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I am afraid that I am at a loss to figure out what Sneath and Sokal intend. If a 
systematist has made generalizations about taxa at the end of his first run through of 
the steps that Sneath and Sokal list, is he allowed to use these generalizations when he 
returns to step one? If so, then this method looks like the much condemned vertical 
construction of hypothesis upon hypothesis. If not, then all the systematist is doing is 
junking the results of his first run through and starting all over again from scratch. 

Pattern cladists took as part of their inspiration the writings of Karl Popper. 
(I suspect that Syste7natic Zoology is the only journal that includes reviews of all of 
Popper's major works.) One of Popper's fundamental positions is that scientists 
need not and cannot begin their investigations solely on the basis of theory-free 
observation statements. Even the most observational of terms include all sorts of 
theoretical assumptions built into them. 

For example, Johnson (1976:160) lists the sorts of morphological features that he 
used to discriminate species in the genus Eucalyptus. They include: 

... more-or-less gross characters of the bark, leaf-shape, opposite and decussate 
versus 'alternate' (actually pseudoalternate and still essentially decussate) 
phyllotaxy, shapes and sizes of peduncles and of flower parts (especially the 
operculum and the anthers) and details of size and shape of the fruits. 

Anyone familiar with the history of botany is aware that what counts as bark, 
leaves, peduncles, opercula, anthers and fruits, not to mention various sorts of 
phyllotaxy, are not matters of simple observation. No ordinary person could simply 
look at a tomato and see that it is a fruit. Very complicated arguments and theoretically 
committed distinctions go into defining the notion of what is or is not a 'fruit.' 

Defenders of theory-free classification respond at this point that the characters listed by 
practicing systematists way well be highly sophisticated, theory-impregnated 
constructions but that these concepts can be analyzed into absolute simples which are, 
in the relevant sense, theory free. Ultimately the entire observational basis of science can 
be replaced by statements such as 'Red spot now.' Of course, terms like 'red' and 'now' 
depend on physics, but for biological classification such dependence is unproblematic. 
As seductive as this position may seem, it has proven to be a total failure. In Der logische 
Aufbau der Welt, Rudolf Carnap (1928) proposed to reconstruct the entire world of our 
experience in terms of absolute observational simples. However, he was unable to 
produce a single theory-free observation statement that satisfied even himself. 

Pattern cladists now claim that they never thought that theory-free observation terms 
exist, numerous misleading statements not withstanding. Quite obviously, the view 
that pheneticists and pattern cladists have been trying to enunciate is extremely 
subtle, possibly too subtle to be expressed in any natural language. Or just possibly, 
they have changed their minds on this topic. Because I was taught in my early days 
in biology that one of the strengths of scientific investigation is that it can force you 
to change your mind, I continue to be puzzled by how resistant scientists (not to 
mention philosophers and theologians) are to admitting that an earlier view that 
they held may well be mistaken, especially if it is fundamental to their entire world 
view. 'Oops' is not a popular word in scientific publications. 

Sokal and Sneath are willing to re-evaluate and even abandon some of their early 
views (e.g., matches asymptote and non-specificity), but overall-similarity and general 
purpose classifications are quite another matter. Either they must remain untouched 
or else be transformed surreptitiously. Cladists are willing to abandon several of 
Hennig's principles but his basic methodology of three-taxa statements remains 
inviolate. The 'theories' that underlie cladistics are not theories about what is or is 
not a fruit, but what is or is not a character. 
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Operationism revisited 

Johnson agrees that scientific concepts must be made as operational as possible. 
Operationism as a philosophy of meaning can be shown to be impoverished (Hull 
1968). It cannot begin to do what it is supposed to do, even in those areas of science 
where it arose — relativity theory and behavioral psychology. If operationism won't 
work in any other area of science, what makes biologists think that it can work in 
biology? However, a more limited sense of operationism is absolutely central to 
science. In looking back on my own work, I am most uneasy about my blanket 
rejection of operationism. Sure, as a general philosophy of meaning, it won't do, but 
did I really think that the pheneticists were attempting to produce a general theory 
of meanmg? If philosophers really want to contribute to our understanding of science, 
we might use our time more wisely by studying how scientists actually do 
operationalize their concepts rather than working out the logical consequences of 
operationism as a philosophy of meaning. The trouble is that very little can be said 
about this process that is in the least bit general, and philosophers are concerned to 
uncover generalizations about science. 

Johnson is in a much stronger position than philosophers in this respect. He rejected 
operationism as a philosophical program but could exemplify in his own work the 
ways in which scientific terms can be operationalized. For example, Johnson (1972:18) 
coined the term 'umbellaster' to refer to the basic unit of inflorescence in Eucalypts. 
He then went on to explain how to recognize such units, in part through a diagram. 
Does it follow that all attempts to operationalize scientific concepts must include 
diagrams? Obviously not. The problem with saying anything general about how 
scientists operationalize their concepts is that this process is highly particularized. 
You can list example after example, and that is about it. Perhaps the methods that 
scientists use to operationalize their concepts exhibit some interesting regularities. 
So far I have not been able to discern any. 

Did the pheneticists really think from the start that all systems of classification, 
including their own, depend on v^arious theories, including theories of homology, 
theories of information-rich groupings, theories of general causes, and theories of 
history (Sneath 1995: 285)? I think not. At the very least, their repeated protests 
against 'theories' and 'speculation' served as a rallying cry for the pheneticists. 
'Your work rests on the shifting sands of theories and speculations, while our work 
rests solidly on observable fact.' If the pheneticists had from the start emphasized 
that their views differed from those of evolutionary systematists only in degree, not 
in kind, they are not likely to have caught the imagination of young systematists. 
Cladists carry on in this time-honored tradition. 


Conclusion 

As sceptical as Johnson is about the long-term usefulness of all the methodological and 
philosophical discussions that have been carried on primarily in the pages of Systematic 
Biology (formerly Systematic Zoology), I would like to say a few words in their defense. 
For one thing, they have shown that some ideas that initially looked very appealing 
just don't pan out. For example, the notion that out there in nature there is something 
termed 'overall similarity' has repeatedly seemed quite plausible to a lot of people, 
including scientists. If the numerical taxonomists have done anything, they have shown 
that this belief is illusory. Several of us have argued against this position, but the actual 
failure of so many bright, hardworking systematists to deliver on the promise of a 
general-purpose classification based on overall similarity is even more convincing. 
If after forty years, they have not been able to do it, then probably it cannot be done. 


Hull, Rainbows in Retrospect 


537 


Generations of systematists have also thought that a fairly direct and unproblematic 
relation exists between phylogenetic trees and hierarchical classifications. The problem 
was only in reconstructing the tree. Given the tree, dividing it up into indented taxa 
is just busywork. I think all of the back and forth over cladism has finally disabused 
systematists of this appealing, though mistaken view. Couldn't this literature have 
been made more efficient and succinct? To be sure, early confusions of trees with 
cladograms might well have been avoided, but science in general is not an extremely 
efficient process. All the false starts and dead ends are intrinsic to science. We all 
tend to think that at least we know what ive mean, but time and again we don't 
really understand what we said until we discover what others thought we said. 
Science does not consist in the definitive pronouncements of infallible authorities 
but numerous conversations among extremely fallible human beings. 

Time and again systematists have found the notion of a theory-free classification 
appealing. The claim that systematists can start only where they happen to be sounds 
too haphazard and perilous. There must be some one place where all systematists 
must begin. What better place to begin than observations? Observations as the one 
and only starting place for systematics looks attractive because observations are 
closest to the world that we are trying to classify, but as close as observation statements 
are to the real world, they can be mistaken. Mistaken observations can introduce 
error into science just as readily as mistaken theories. Although the preceding 
conclusion does not come through loud and clear in the taxonomic literature, it does 
seem to be one of the messages to be learned from the disputes that have taken place 
in systematics over the past thirty years. 

In retrospect, on what issues were Johnson and I right — or at least on the winning 
side? Both Johnson and I objected to the notions of overall similarity and general- 
purpose classifications based on overall similarity. Today numerical taxonomists no 
longer advocate such a view, although they play down the importance of any changes 
they may have made on this score. Both Johnson and I interpreted the numerical 
taxonomists as advocating a phenetic philosophy which precluded 'theories' entering 
in the classificatory process, especially in the early stages. We both argued against 
such a notion. In addition, we both recognized a distinct group of cladists termed 
pattern cladists who we thought held views similar to those of the pheneticists with 
respect to the role of theories in classification. 

In the mean time, both numerical taxonomists and cladists have distinguished 
between several different sorts of 'theories.' Some of these theories can enter into 
classification from the start (e.g., the theory of the character); others not (assumed 
phylogenetic relationships). Who was right on this score? The issues are so tangled 
that I cannot say. Perhaps the apparent misinterpretations of phenetics and pattern 
cladists helped to point out places where greater clarity was needed. Perhaps such 
criticisms introduced unnecessary confusions. Who knows? 

With respect to operationism I think that I was not sufficiently sensitive to the issues 
involved. As a philosophical thesis, 1 think that operationism won't do, but as a call to 
connect our theoretical claims with some sort of observational base, I think that it is 
more than appropriate; it is necessary. Perhaps the meaning of theoretical terms cannot 
be totally cashed out in terms of observational consequences, but the more the better. 

Johnson and I had similar reactions to cladism in its early days. It looked too 'rigid.' 
We both preferred more 'reasonable' classifications that result from a mixture of 
various relations. As time has marched on, we are increasingly in the minority. Both 
numerical taxonomists and cladists urged that systematists pick one relation to express 
in their classifications and apply it consistently. Better one relation expressed clearly 
and unambiguously than several relations expressed only impressionistically. 
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The chief difference between the numerical taxonomists and cladists on this score is 
that the numerical taxonomists wanted to represent overall similarity in their 
classifications while the cladists wanted to represented cladistic relations. As it turns 
out, overall similarity disappeared under analysis, while the notion of cladistic 
relations became increasingly clear. 

Johnson (1989:103) distinguishes between two scientific attitudes: 

Some scientists are analysts, strongly influenced by recent philosophies of 
science and concerned to demonstrate their purity of method, however 
inadequate the method may be in its coverage of the phenomena of nature. 
Others are synthesists, less concerned with rigour or the appearance of it, but 
certainly not less concerned with truth. The latter are interested in forming a 
picture of what really happens, or happened, in the light of all reasonably 
reliable evidence that they can bring to bear. 

Both sorts of scientists are needed if science is to progress. Johnson (1968: 41) clearly 
sees himself as of the second sort. 
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Plant introduction and hybridisation in 
colonial New South Wales: the work of 
John Came Bidwill, Sydney's first director 

D.J. Mabberley 


Abstract 

Mabberley, D.j. (Department of Plant Sciences, University of Oxford, Oxford 0X1 3PN;and Rijksherbarium, 
University of Leiden) 1996. Plant introduction and hybridisation in colonial New South Wales: the work 
of John Came Bidwill, Sydney's first director. Telopea 6(4): 541-562. A brief biography of J.C. Bidwill, 
the first Director of the Sydney Gardens, based in part on previously unpublished manuscript 
sources preserved at Royal Botanic Gardens Kew and in the Mitchell Library Sydney, is presented. 
Bidwill's scientific impact is assessed and there is an appendix of plants named after him; the 
hitherto unplaced Bidwillia is perhaps referable to Trachyandra (Asphodelaceae). 


Introduction 

'He is, besides being an excellent botanist, a man of general science, a very skillful 
horticulturist' — William Macarthur on J.C. Bidwill, 17 September 1847 (Macarthur 
Papers 37(B) Sir William Macarthur Letterbook 4 viii 1844-7 vi 1850 f. 296, A2933-2 
Mitchell Library). 

In celebrating Lawrie Johnson, here his interest in the history of botany, it is perhaps 
of some value to examine the career of one of his predecessors as Director of the 
Sydney Gardens — the first holder of that title, John Came Bidwill (1815-1853) — as 
it highlights a number of features of nineteenth-century colonial life and attitudes. 
Although Bidwill is commemorated in the technical name for the well known bunya- 
bunya pine. Araucaria bidwillii, as well as in the name of a Sydney suburb, he has 
perhaps so far been rather little-appreciated as a botanical and horticultural pioneer, 
while even his name is spelled wrongly in the names of the most commercially 
significant plants purporting to commemorate him. 

Having stumbled on a previously unlisted binomial commemorating Bidwill some 
years ago (Mabberley 1978) and more recently had cause to ascertain the correct 
name for the single species of the remarkable Australian endemic family Akaniaceae 
(Gadek et al. 1992), which turned out to be Akaiiia bidzvillii (Mabberley 1989: 707), 
I became interested in the career of their little-known eponymous hero and here 
set down my findings to date. The following must be seen as merely amplifying 
the standard secondary sources (especially Herbert (1966) and references therein) 
through the examination of the rich MSS holdings at the Mitchell Library, Sydney, 
Royal Botanic Gardens Kew and elsewhere. However, a full assessment of Bidwill's 
short life can only be made after appraisal of other MSS sources. Moreover the 
significance of his hybridisation experiments can only be evaluated by those expert 
in the genetics of the groups concerned. In addition. Professor R. Clough of Double 
Bay NSW is investigating further Bidwill's hybridising work in Australia and has 
had the opportunity to delve into aspects of his life not covered here. 
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Devon to New South Wales 

At the end of September 1846, Robert Brown (1773-1858), then the doyen of 
Australian botany, made a roundabout journey from London to visit his geologist 
friend, Sir Richard Vyvyan, the Tory MP, who lived in Cornwall (Mabberley 1985: 
356). On the way he stayed at the Half Moon Hotel, Exeter, whence he visited the 
great Devon nurseries of Veitch and of Lucombe, Pince & Co.'. He walked out to 
the latter, famed for the raising of the hybrid Lucombe Oak, situated in St Thomas's, 
Exeter and there met Robert Taylor Pince (1804-71), 'an accomplished botanist', 
who had married Lucombe's niece, and 'added materially to the variety of the 
Exeter Nursery's collections by judicious hybridising of well known species' L Pince, 
who was from an old Exeter family of gardeners, had joined the firm before 1828 
(Harvey 1988). By the time of Brown's visit, James Mangles could write that the 
firm was one of the principal nurseries in England. It was one of those firms which 
pioneered the despatch of collectors and the introduction of exotics in the 1830s 
and, by the next decade, had established introductions from Mexico, Brazil, Sierra 
Leone and Australia. In 1835, at the sale of Colvill's nursery at Chelsea, Pince had 
bought up the stock of gladiolus hybrids ('G. x insignis', Barnard (1972)) aird a 
little later sent illustrations of the hybrid 'Gladiolus ramosus’ as well as G. x insignis 
to Paxton's Magazine of Botany (published in vol 6(1839)99 & 7(1840)223). Pince 
showed Brown around his collection, which Brown praised, especially its conifers. 

It would appear that Pince's work is the background for Australia's pioneering hybridist, 
John Came Bidwill, for Bid will was born at St Thomas's in February 1815, the eldest 
son of Joseph Green Bidwill, a businessman ('share-broker, superintendent-registrar 
and joint clerk of St Thomas's Union' ^), and his wife Charlotte VVilmot Bidwill, second 
daughter of John Came, an author of Falmouth, Devon' (Bidwill & Woodhouse 1927, 
ch. 14). On 4 April 1832, Bidwill had sailed from Plymouth to Canada on the Exmouth 
but returned in November 1834. He seems to have been back at St Thomas's when the 
gladiolus work was being carried out by Pince. Early in 1838, he obtained a letter of 
introduction from Lord Glenelg (1778-1866), Secretary of State for the Colonies, to 
Major Thomas Mitchell (1792-1855), Surveyor-General and explorer, then in London®. 
Mitchell in turn wrote a letter of introduction to the Colonial Secretary in New South 
Wales, Edward Deas Thomson (1800-1879), pointing out that Bidwill was 'respectably 
connected in Devonshire'. Armed with this, Bidwill, travelUng with his sister Elizabeth 
(born 1817, later Mrs Thomas Digby Miller), set off for New South Wales on the 
Araclme, a barque of 320 tons® on Good Friday 13 April 1838 'in the interests of his 
father's mercantile business' (Bidwill & Woodhouse l.c.). 

He arrived later that year, intending to settle on the land near Sydney, applying for 
about 2000 acres at 5/- an acre on 13 December (Bidwill & Woodhouse 1927: 114). 
In a few days came the Governor's approval for his purchase but there was a delay 
in the surveying and he took the opportunity, whilst waiting, to make some 'rambles' 
in New Zealand. It would seem that during his time in Sydney he was collecting 
seeds, which were received in England in 1839 and raised by Joseph Knight at his 
Chelsea nursery; Podolobium ilicifolium (Leguminosae) at least was illustrated by Jane 
Loudon in her Ladies' Magazine of Gardening (1: t. 8, 4, 1841; Mabberley 1978). 


First New Zealand travels 

The Bidwill firm was involved in the trade between New South Wales and New 
Zealand, there being a small European settlement at the Bay of Islands, whither 
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Bid will went in February 1839. He sailed to Tauranga in the Bay of Plenty, using it 
as a base and walking to Rotorua with seven Maoris and, at least at first, a white 
interpreter. He was collecting both herbarium specimens and live plants, finding 
near Rotorua the scented Easter orchid, Earina aiitumnalis, which he was to bring 
back alive to England'’. He pushed on to Taupo, where only one European had ever 
been seen (and that was only three weeks previously), carrying medical supplies for 
the Maoris (Andrews 1990). Crossing Lake Taupo, he reached Lake Rotoaira, exploring 
the spurs of Tongariro before being recalled in April. 

He was thus the first European to collect plants in the interior of the North Island; he 
was also the first European to ascend the cone of the active volcano Ngauruhoe 
(Anderson 1958) and perhaps the first man to do so as the Maoris would not climb it. 
The firewood used during the ascent was gathered from plants now known as 
Halocarpiis bidivillii (Podocarpaceae) and BrachyglotHs biclioilUi (Compositae). Among 
the other plants he collected were Raoitlia australis (Compositae, his specimen preserved 
at K), so small that he took it for a lichen, and a number of species like Acaena 
microphylla (Rosaceae) and Celmisia spectabilis (Compositae) which he would have liked 
to have introduced to British gardens. Having not had the blessing of Chief Te Heuheu 
to climb the mountain, there was in consequence a difficult meeting between the two 
men, apparently with distrust and lack of understanding on both sides. 

Despite the danger, Bidwill survived to write an account of his experiences. Rambles 
in Nezo Zealand (1841), which is a very readable bouncy narrative but includes much 
original information on the North Island, especially important being observations 
on agricultural practices, notably the effects of burning. Reprinted in 1952 in a limited 
edition, the original is now a very rare and valuable book, though perhaps some 
500-600 copies were printed in London (Bidwill 1952). The copy presented to his 
sister Elizabeth has its original 'butcher-paper' cover and is preserved in the 
Mitchell Library, Sydney and another in original binding is held at the library of 
Rhodes House, University of Oxford. 

During his stay Bidwill met the resident botanist, the Reverend William Colenso 
(1811-1899) and, being recalled to Sydney in April, took a consignment of living and 
preserved plants with him, losing a few of the live ones during the voyage (Bidwill 
and Woodhouse 1927: 114). He sent his best set of herbarium specimens to John 
Lindley of the Horticultural Society of London with a less complete one to William 
Hooker. Lindley published none of Bidwill's findings and many of his discoveries 
were for a time credited to Ernst Dieffenbach, whose collections were made later. 

Meantime the Colonial Government of NSW had increased land prices to 12/- per 
acre though surveyed land was still to be sold at the original price. Bidwill discovered 
to his consternation that the delays meant his land had not been surveyed and on 
15 July 1839 he wrote (Bidwill & Woodhouse 1927, Ch. 14, 15) that negotiations with 
the Government over his case were unsuccessful; he never became a station-owner. 
In 1840 he was in New Zealand once more, having been sent to Fort Nicholson, 
Wellington, and collected more plants. He accompanied E. Jerningham Wakefield on 
an expedition by sea to Wanganui (Wakefield 1908: 284-290), collecting many shells. 
He supported the move for Wellington to become the capital and bought land there 
'at a high price' to demonstrate his backing. During this visit he met Maoris who 
remembered his ascent of Ngauruhoe and knew him by the name of the mountain 
(Bidwill & Woodhouse l.c.). These experiences may have induced him to encourage 
his brother Charles Robert to settle in New Zealand, for 'Robert' too had left England 
for Australia in November 1840. John Bidwill now added a little to his Rambles (the 
preface is dated Sydney 25 August 1840), the dedication to the Earl of Devon, 
Governor of the Plymouth New Zealand Company, being dated June 1841. 
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Some 60 of his specimens from the Nelson area are preserved in Hooker's herbarium 
at Kew (H.H. Allan in Bidwill 1952; 13; see also Appendix) including some from 
Lindley's herbarium, about 20 from the Tongariro massif including '133' Lepidothamnus 
laxifoliiis (Podocarpaceae, though Bidwill at first took it for a moss), '65' Dmcoplnjlhim 
recurvum (Epacridaceae), '50' Hebe tetragom (Scrophulariaceae) and, from Lindley's 
herbarium, Podocarpiis nivalis (Podocarpaceae). 


The Bunya-Bunya Pine 

Hooker's son Joseph on Ross's voyage of the Erebus and Terror was in Sydney in July 
and August 1841. Bidwill accompanied him in his rain-dogged excursions in the 
area, notes sent to Hooker on the Erebus at Sydney being preserved at Kew®. Already 
the former Colonial Secretary, Alexander McLeay of Elizabeth Bay House had 
persuaded Bidwill to collect leguminous fruits for George Bentham and Bidwill duly 
wrote to Bentham on 15 Feb 1841* apologizing for sending only material from the 
Sydney area and adding '1 myself am more a lover of gardens and flowers than a 
botanist' but he seemed happy to supply materials for those whose research was for 
the benefit of the world at large. He added that he had collected material of a plant 
possibly representing a new genus allied to Acacia, but the practical man resurfaces 
in his pointing out that it is probably not worth introducing NSW wattles to England 
because of the climatic differences but that more of both them and eucalypts could 
well be established in the Mediterranean. 

Bidwill's firm sent him to Moreton Bay, now part of Queensland, whence he wrote 
to Captain Phillip Parker King (1791-1856) at Port Stephens’® (Maiden 1908) about 
a large new waterlily he had discovered (later described as Npmphaea giganfea) as 
well as a number of potentially useful fruit trees. He also described the bunya- 
bunya pine, which had been discovered by Andrew Petrie (1798-1872) in 1838 and 
had become known in Queensland as ‘Pinus petrieana' (Herbert 1966). The seeds 
were an important food for the local Aborigines; Petrie seems to have sought the 
tree out and he possibly gave material to Bidwill for identification because of the 
latter's by now acknowledged talents as a botanist (Maiden 1906b). 

Bidwill's account of a new species of Araucaria (the bunya-bunya, later named 
A. bidwiUii) in a letter was published over the name 'H. Bidwill' (his hand is not the 
easiest to decipher) in Tasin.}. Nat. Sci. 1(1842) 404, the same letter (from 'Sidney'), dated 
5 July 1841, sent with a twig bearing male cones to London also appearing in Ann. Mag. 
Nat. Hist. 8(1842)439. Appended to both is an interesting note on Nmjtsia floribunda 
(Loranthaceae), Bidwill recording that the only specimen in the Botanic Gardens flowered 
every year but set few seeds. Sowing them gave no success but he found two seedlings 
in the garden, each with three cotyledons, perhaps the earliest observation of this 
phenomenon. Another Queensland find was his 'jasminum linoides' which his friend 
Edward Macarthur Bowman (see below) later proposed calling /. bidivillii". 


X Amarygia (? X Amaristetes) 

Bidwill was on good terms not only with McLeay but also other members of the 
leading NSW families. He corresponded regularly with King at Port Stephens, where 
he was an intimate of the family, giving storybooks to King's daughter Elizabeth 
and encouraging her interest in music as well as botanyand seems to have followed 
Pince's example by making many gladiolus crosses there as he did at Ravensmouth, 
Dr James Bowman's home in the Hunter Valley, where he became a close friend of 
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Bowman's son Edward, the nephew of William and James Macarthur. The Macarthurs 
were, like Bidwill, originally from Devonshire. 

Bidwill did his own hybridizing experiments too, but where he did so has been 
somewhat obscure up until now, as he is not known to have had a permanent address 
in Sydney. It seems that at this time he began hybridizing amaryllids at Camden Park, 
the home of William Macarthur (Traub & Hannibal 1960), who was to become his close 
friend and supporter. It has been assumed that most of Bidwill's work must have been 
done there or, later, at the Botanic Gardens. From allusions in Bidwill's correspondence 
it seems that he was based some way out of Sydney and laterthere is reference to 
Clovelly, Watson's Bay. This house, named after a Devonshire village, had been built 
as a 'marine villa' in 1834 for Thomas Watson and was leased in 1838 by Hannibal 
Macarthur, King's brother-in-law, who bought it in 1840 (Crosson 1989). A drawing of 
about this date signed '] Me' is preserved in the Mitchell Libraryshowing the house 
before the Norfolk Island pine, prominent in F. [C.] Terry's 1853 sketch of The Gap 
published in Landscape Scenery Illustrating Sydney and Port Jackson, New South Wales 
(1855), was any size. After the failure of Macarthur's bank in 1843, the estate was 
eventually bought in 1848 by Governor Gipps's private secretary, Henry Watson Parker 
(later Sir Henry and Governor of NSW), who married John Macarthur's youngest 
daughter Emmeline in 1843. They enlarged the property and developed an extensive 
garden of exotics; moreover amaryllid crosses like those made by Bidwill are associated 
with Lady Parker (see below). Although Bidwill notes in his 'Cape Amaryllids', a letter 
to the Gardener's Chronicle (27 July 1850, p. 470) that he first raised seedlings of what 
became known as 'Brunsvigia rtiultiflora hybrids' (X Amarygia bidwillii (? Amaryllis 
belladonna x Brunsvigia orientalis) = X A. parkeri) in February 1841, they did not flower 
until March 1847. Where were they meanwhile? It has not been possible so far to 
confirm that Clovelly was for part of the time Bidwill's base but what evidence there 
is seems to point to it. The house was demolished in 1903 but Norfolk Island pines 
from the garden survive at the north end of what is now Robertson Park. 

Bidwill claimed to have crossed Amaryllis belladonna with species in several other 
genera of Amaryllidaceae — Ammocliaris, Boophone and Brunsvigia and even Haemanthus 
coccineus, though failing with species of Lycoris and Nerine. In November 1846 (before 
any of the 'B. multiflora hybrids' had flowered), Macarthur’^ wrote to Bidwill 'your 
curious bulb from a seedling belladonna has (produced] two leaves this year like an 
Haemanthus'. If this was in fact a 'Brunsvigia multiflora hybrid' and not an Amaryllis- 
Haemanthus cross, the remark would support the contention of Hannibal (1994) that 
the hybrids were crosses between Amaryllis belladonna and Cybistetes longifolia, which 
has distichous leaves adpressed to the ground like those of Haemanthus spp. In the 
catalogue of plants growing at Camden Park in 1845 'Amaryllis longiflora' (? Cybistetes 
longifolia) is listed, though it is not in the 1843 edition but seems to have been available 
earlier to at least Alexander McLeay at Elizabeth Bay. If the parentage is thus, the 
hybrids should be referred to the hybrid genus X Amarisfetes, but so far the lengthy 
procedure to repeat the alleged cross has not been completed. The plants, which are 
now grown all over the world (often incorrectly spelling Bidwill's name), were first 
distributed commercially by the Sydney firm of J. Baptist and Sons in the 1860s. 


Return to England 

Bidwill sailed for England via Cape Horn in February 1843 with a case of plants of 
his own and one from Camden as well as six parrots, four of them little cockatoos. 
His plant-case was protected only with wire mesh unlike the Camden one which 
had bars and many of the box's panes were lost‘L He had living bunya-bunya pines 
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but as he wrote to Edward Bowman, the hot Sydney sun before the voyage killed the 
leader of the largest plant; rounding the Cape, when the cabin temperature dropped 
to 38° F and a parrot perished, Crinitm and Haemanthus plants, as well as Boronia 
microphi/lla died in the frost and snow, though a species of Brachychiton and the 
Moreton Bay jasmines {'/■ bidwillii' and an unnamed climbing one with ternate leaves) 
did not suffer, two of the bunya-bunya trees having produced new shoots though no 
planted seeds had germinated, and his gladioli seemed to be coming into flower at 
sea. He also had New Zealand plants, but he feared for them in crossing the tropics 
and had fixed up blue calico blinds on the cases so that they could be drawn down 
over the sunny side. To while way the time he got a fellow passenger to teach him 
the rudiments of drawing. 

With the surviving plants and a letter of introduction from King he met Sir William 
Hooker, now Director of Royal Botanic Gardens Kew, who published Araucaria 
bidwillii in volume 2 of his London Journal of Botany (1843: 498, tt. 18, 19). Hooker 
acknowledged 'J-T. Bidwill' as having sent material to the Linnean Society of London 
(Australian Herbarium now dispersed, largely to Kew in 1915), and now bringing not 
only dried material but also a liHng specimen to England. By reference to his herbarium 
specimens sent to Hooker, he was able to establish his priority in the New Zealand 
plant discoveries. He gave (probably for exchange) seeds of many plants to Hooker for 
the gardens at Kew but many of his most striking imports were put into a sale held 
by the natural history auctioneer, J.C. Stevens, in London on 18 July 1843''*. This sale 
included plants sent from Guatemala, principally orchids which fetched a high price 
and eclipsed Bidwill's lots. Although his new species of Dendrobiuin, D. kingianitm 
(Orchidaceae), the variable pink rock orchid named after King by BidwUl (though 
pubhshed by Lindley) and held to have been collected in the Buckets west of Gloucester 
in 1839 (Adams & Lawson 1995: 1), went to Loddiges” for £4 10/-, the Araucaria 
bidruillii was bought in at 20 guineas, as was 'an extraordinary plant of Acrostichum 
grande’ for 10 guineas. Lots that sold included one of the jasmines at £1 18/- and, from 
New Zealand, his Easter orchid collected near Rotorua, Earina autumnalis (E. suaveolens) 
which went again to Loddiges^' (both this and the Dendrobiuin appear in Loddiges's 
1844 catalogue of orchids) for £2 8/- and three species of Clematis, one at £1 6/- 
another £1 2/- and a third at £1 12/-. Small seedlings of a ‘Dacrydium’ sp. went for 
£1 6/- each. Later he seems to have tried to persuade the Dukes of Northumberland 
(Syon House) and Devonshire (Chatsworth) to take some of the withdrawn lots but it 
is unclear whether these collectors bought his plants, especially the 'Acrostichum', i.e. 
Platycerium, which may have gone to Veitch at Exeter^. However, it may well have 
been the 'Acrostichum grande’, i.e. Platycerium superbum. Queen Victoria much admired 
during one of her frequent visits to Kew^^ for John Smith noted that when the liv'ing 
plant of the bunya-bunya pine sent by woodcutters at Moreton Bay to Bidwill with a 
reserve of £25 [sic] but with no bids was bought in he got it for Kew where it was some 
4m tall by 1863, when it was moved to the 'Winter Garden' where it later bore cones. 

During his stay in Britain, Bidwill went to see Robert Brown at the British Museum^ 
and Hooker introduced him to Dean Herbert^, the acknowledged expert on plant 
hybridization and especially on many petaloid monocotyledons, who later 
commemorated Bidwill in the genus Bidwillia (= ?; see Appendix). In the autumn ot 
1843, Herbert gave him live material including seeds of several Gladiolus species, three 
of them including G. imbricatus being allegedly new to Australia: some of the resultant 
seedlings raised in NSW were passed on to King m due course^. Many of Bidwill's 
hybrid gladioli raised in Australia were rare in Britain^ but his supposed cross between 
species of Crinum and Amaryllis was thought by Herbert to be merely a young plant of 
C. flaccidum, so, at Herbert's suggestion (it would not flower for many years), Bidwill 
took it back to Australia! Herbert later discussed Bidwill's work in print (Herbert 1847). 
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Bidwill also corresponded with Smith” about materials he had brought for Kew, 
apparently with a view to exchange for there is a great deal in the letters on the 
packing of plant-cases for NSW. The Exeter firm of Veitch was involved in preparing 
the shipment”. Lindley apparently supplied tender pines and other plants from the 
Horticultural Society, and Loddiges seems also to have been a source, both sending 
material to Kew to be packed, though Loddiges could not supply a number of things 
including mate tea (Ilex paragtiariensis) and jujube (Ziziphiis jujuba), Bidwill hinting 
that Smith might do so. 


New South Wales again 

Bidwill left England on the Arachnc and when he returned to NSW in 1844, he 
brought with him his sister Mary Came (who married William Macdonnell there in 
the same year (Bidwill & Woodhouse 1927, Ch. 14)), a stock of strychnine and an 
important collection of new plants, especially from Kew, including Araucaria 
aiigustifolia^', Lilium speciosum, Paulownia tomentosa, and Musa 'cavendisbii'^^ besides 
roses (only about ten of the original 50 survived the voyage), apples, cherry-plums 
(that at Camden Park subsequently dying”) and sweet-kerneled apricots which fruit 
would dry in the sun. Amongst the seeds were species of Mimuhis, Lobelia, passionfmit 
and Achimenes as well as Clerodendrum speciosissimum and Clivia nobilis, which he 
offered to King, complete with a supply of strychnine (at £3 per ounce) for poisoning 
sheep predators^, though James Bowman got two ounces for 50/-”. The Camden 
catalogue of 1845 shows that his introduction of Araucaria angustifolia {‘A. braziliensis'), 
Clerodendrum speciossisimum, Clivia nobilis and Lilium speciosum was successful. 

He sent plant material back to Herbert” including a hybrid Erythrina raised at 
Camden (see below) and continued the exchanges with Kew, sometimes passing on 
seeds to King (Maiden 1908). He was involved with the gardens at Camden, though 
at least sometimes his dealings were certainly on a commercial basis, his consignments 
'put up to the order of' Bidwill apparently charged to him as in August 1844 when 
an order worth £15 17 0 included the hybrid 'Erythrina camdenensis' [i.e. E. x bidzvillii; 
see Appendix], wisteria and a case of wine (15/-) for example”, suggesting again 
that at this time Camden was not where he was doing his own experiments. In 
August 1844, he accompanied Macarthur to Ravensworth, apparently to collect large 
numbers of Platycerium superbum in the Manning” and in December he could write 
to King of the hybrid crinums raised at Camden” (Maiden 1908), which are listed in 
the catalogue of plants growing there in 1845 (pp. 6-7), the Camden catalogues also 
listing hybrids of Hibiscus and Camellia (some of these original crosses still exist at 
Camden according to Professor Clough). 

Meantime, one of Bidwill's principal interests was still the raising of hybrid gladioli, 
sending conns and seeds to Bowman and to King, to whom he was giving advice on 
raising dendrobiums from seed” in October 1844, pointing out that Calochortus 
(Cyclobothra) albus was coming in to flower as well as his 'roseo-blandus' gladioli 
hybrids (listed with other hybrids in the 1845 Camden catalogue, p. 7), of which he 
sent seed with that of other hybrids the following December'". His hybridizing was 
advanced in that he could use dry pollen brought from afar provided that the stigma 
was moistened beforehand''^. He later wrote of his experiences in a letter to the 
Gardeners' Chronicle (27 July 1850 p. 470), 'Vitality of pollen', noting that it was not 
possible to keep pollen of Amaryllis or Crinum spp. from one season to the next but 
that it remained viable for more than three months. Gladiolus pollen could not be 
kept in his experience though that of G. roseus (= ? G. caryophyllaceus) two months 
old had fertilized G. blandus (= ? G. carneus). Pollen of lilies would not keep at all 
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and the only dicotyledon he found with long vitality was a species of Melianthus. He 
recommended keeping the pollen in paper with dry flannel in tin boxes. 

Besides introducing more new plants, including Salpiglossis, he was getting knitting 
needles for Mrs King and the latest music ('all the rage') from London. His interest in 
irids was not merely horticultural however, his drawing up discussions on generic 
delimitation in the groups, arguing that Babiaua and Antholyza be united, a course 
which was not followed until 1990. With respect to native plants, his bible was 
apparently King's copy of Robert Brown's Prodromiis (1810), which he borrowed over 
an extended period'”. He was suggesting hybridizing the native Nicatiana suaveolens 
with N. longiflora, a South American species he presumed to be allied, and synthesizing 
hybrid hibiscus and even jasmines including '/. bidzvillii'. He was even hybridizing 
species of 'Eugenia' (probably Syzygium) and Acmena, though this was the trickiest he 
had ever attempted, surpassing Aizoaceae and Polygala in difficulty'^. His introductions 
at this time included stephanotis, 'a splendid sweet-scented Apocynaceous plant from 
Madagascar'which is first listed in the 1845 Camden catalogue (p. 27). 


New Zealand again; Tahiti 

During 1844 Bidwill went to New Zealand againthis time being much concerned 
with the payments for sheep sent out from Ravensworth to Nelson and apparently 
acting as agent for James Bowman'**. In February 1845 (Herbert 1966) he was sent to 
Tahiti allegedly on the Coquette on 15 February (Bidwill 1952: 8) but his merchandise 
at least went there on the Ann, his large numbers of packages and sundries being 
insured for £400™. From Tahiti, which was undergoing civil unrest as the French had 
just deposed the Queen, he wrote of the troubles to Emily, wife of James Macarthur ” 
to whom he seems to have been rather attached and for whom he collected shells there. 

William Macarthur sent him £3 7/- worth of citrus, passionfruit, cactus and 
bougainvillea plants as well as vegetable seeds™, though Macarthur had hoped to 
extract more from James Kidd (a former convict and schoolfellow of Kew's John Smith) 
at the Botanic Gardens™. Bidwill tried in vain to establish commercial passionfruit¬ 
growing on the island (Bidwill 1952: 8). One of his shipments to Macarthur from Tahiti 
apparently never arrived^ though some seeds including those of the papaya, the first 
in Australia, and hybrid Hibiscus moschatus-speciosus (? Abelmoschus moschatus x Hibiscus 
coccineus) did, being sent for collection to the Australian Club of which Macarthur was 
a founder member™ and Bidwill an early one, being on its Committee since December 
1841™; Macarthur had heated greenhouse space for them at Camden. In March 1847, 
seedlings of the papayas were sent to William Sharp Macleay™, son of Alexander 
McLeay, whose house and botanically rich garden he had taken over in lieu of part of 
his father's heavy debts; in September 18 papaya plants from Camden were received 
at the Botanic Gardens™. A collection of Tahitian ferns reached Ludwig Leichhardt's 
friend. Lieutenant Robert Lynd, Barrack Master at Sydney™, Lynd proposing to send 
seeds to both Bidwill and Macarthur from Auckland*"’ in return. 

Bidwill sent Tahitian plants to Britain but they were directed to his father in Exeter 
and were delayed in reaching Kew; once again Lindley was criticized for neglecting 
his 'rare Tahitian Orchids which 1 sent him in spirit (at my own expense) on my 
return thence''" (Maiden 1908). Besides the papaya, his introductions to Australia 
included certain bananas, which he sent to King, and a form of Hibiscus rosa-sincnsis 
which flowered when only 20 cm tall'’^; he crossed this with 'H. liliiflorus', which 
Macarthur later sent to Hooker and to Lindley™. The Sydney Gardens™ received 
some of these bananas and hibiscus including the hybrids in September 1847. 
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The Sydney directorship 

In the winter of 1847, Bidwill was involved in mineral prospecting in New South 
Wales'^, visiting Molong and Wellington in appalling snow and ice, praising the 
Molong mine as a whole hill of copper^ and finding a large-fruited 'Casuarim'. In 
Sydney (?Clovelly, Watson's Bay) he had amassed a collection of Cape Gladiolus 
and other species of Iridaceae, having been much encouraged by Herbert**, though 
Herbert's death that year deprived him of his most important correspondent. He 
also had a flowering ‘Erythrim cornea' but it did not have flesh-coloured flowers and 
was very different from any seen before*^. Now Bidwill was asking Hooker for 
correspondents to enlarge his collection (he had 21 species of Gladiolus and many 
hybrids) but he was also soliciting Hooker's support in his nomination by the new 
Governor Sir Charles Augustus FitzRoy (Captain Robert FitzRoy's half-brother), to 
manage the Sydney Gardens. 

The death in June 1839 of Allan Cunningham (b. 1791) in Sydney after his return 
from New Zealand was followed by a decline in the fortunes of the Botanic Gardens 
in Sydney (Bidwill & Woodhouse 1927: 115). Under the 'Acting Superintendent' 
James Kidd, the gardens became neglected. Macarthur, who used to instruct Kidd to 
supply material from the Gardens for export to Britain in exchange for material 
apparently sent thence to Camden Park**, had proposed Leichhardt*^ to run them, 
soliciting Hooker's support, but Alexander McLeay was apparently against the 
'German adventurer' and wrote to Hooker to send someone from England (Gilbert 
1986: 68). However, Hooker had said that a salary proposed at £200 was too small, 
and that it should be at least £300^”. Bidwill, who had returned to Sydney from New 
Zealand on the Hope in 1839, some three days after Cunningham's funeral, first 
approached Flooker about the post on his next return from New Zealand in 1844 
and later when in Tahiti, he raised it with Macarthur. 

With the cessation of transportation in 1840 and collapses in commodity prices, the 
Colony was in depression and, in July 1844, Kidd was made 'Acting Superintendent' 
until someone was sent out. Having lost to McLeay over Leichhardt, Macarthur pushed 
for Bidwill in May 1846™ as his name had been put before the Committee overseeing 
the Gardens. The Committee was a subcommittee of that for both the Australian 
Museum and the Gardens: it included Macarthur, McLeay, King and Deas Thomson 
(Gilbert 1986: 58). McLeay now put Bidwill's name to Hooker, while Macarthur was 
pressing him to put it to the Governor, Sir George Gipps. In June, Macarthur was 
suggesting that on his return from the strife-tom Tahiti, Bidwill should come to Camden 
Park, all expenses paid, until the appointment was sorted out. The Committee was 
ready to elect him until the Colonial Secretary's views became known, for '1 think 
James [Macarthur, then in London) has influence enough with Mr [William E.J Gladstone 
to bring your qualifications under his favourable notice'^. There was still no news in 
August, when Gipps had been replaced by FitzRoy but Macarthur was still encouraging 
Bidwill™, 'How greatly I should rejoice to see you comfortably situated at the 
B. Garden'. Then James Bowman died on 23 August 1846 and with Edward at 21 
considered too young to run Ravensworth, Macarthur proposed that Bidwill come 
back from Tahiti to manage the estate on a salary of £200 a year, living with Edward™, 
though there was still no news from Bidwill by November™. 

Gladstone asked the new Governor to get a report from Council to see how the declining 
Gardens could be restored (Gilbert 1986: 71). On 27 February 1847, FitzRoy reported 
that £200 salary could be made available for a person from England to take up the 
post™; presumably being aware of Hooker's advice that £200 would not be appropriate, 
he added that if no-one could be found in Britain, 'I believe a competent person may 


550 


Tetopea Vol. 6(4): 1996 


be found in this Colony'; in a desptach of 3 April he put Bidwill's name ('Bidwell') 
forward to Gladstone's successor as Colonial Secretary, Earl Grey, and the new Governor 
and the Legislative Council appointed Bidwill Government Botanist and Director (the 
first time the title had been used). BidwUl wrote to Hooker^* in November 1847 'I have 
been acting as Director of the Sydney Gardens' since 1 September. He had been 
appointed some time previously but had waited for the passing of the appropriate act 
by Council because it had not been clear that Council would vote the available salary 
of £300, a sum apparently higher than would have been voted for any other person in 
the Colony. Indeed it seems that Bidwill had had a role in influencing certain members 
of Council not to oppose the NSW Colonial Secretary, Edward Deas Thomson, who 
had privately agreed with Bidwill that the salary should be so exceptionally high. 
Bidwill's influence probably through Macarthur and McLeay seemed to have been 
strong because the vote was carried without opposition. 

Once in office, Bidwill was writing to King of the labile sexuality of Pittosporum flowers 
in the Gardens (Maiden 1903, 1908), asking for Dendrobium kingianum pollinia, and 
noting that Garrya elliptica had been introduced. That King too was getting involved in 
hybridizing gladioli gave Bidwill continued reason to enthuse^. He was sending out 
sugar-cane cuttings to Macarthur^* and was receiving, perhaps from J.G. Boyd, living 
orchids and other plants from Vanuatu”, which he intended to send to Kew as he had 
no facilities for their cultivation in Sydney; these included a 'Pathos' with leaves like 
a Strelitzia (probably Epipremnuin amplissimum, Araceae*®, as it has Musaceous venation 
whereas P. rumphii, the only species of Pathos in the islands, does not), climbers, a 
'fleshy-leaved thing' looking like a 'Cacalia' and other succulents; there were also a 
new Araucaria from New Caledonia and another, possibly new, from Australia. These, 
with material raised from seeds collected by Leichhardt and Mitchell as well as a plant 
of Iris Tahitian form of Hibisais rosa-sinensis raised at Camden, a plant of Nuytsia florihuuda 
grafted on to a root and Criniim raised from seed collected by Boyd in Vanuatu were 
all sent off to Hooker in a Camden box borrowed from Macarthur*’ in December. 

As early as 1843 Bidwill had complained to Bowman “ that the Gardens had been in 
decline for five years and now wrote**, 'I shall have a great deal of difficulty for 
some time to do things in a proper way but 1 have written to England to Dr Lindley 
to send out a good gardener who 1 hope to be able to put in Kidd's place [Kidd was 
redesignated 'overseer' on Bidwill's appointment (Maiden 1906, Froggatt 1932)] as 
soon as he chooses to take himself off'. Macarthur reported that under Bidwill the 
Gardens were 'to be completely remodelled and reformed'*'’. 

But Bidwill was to be Director for only a few weeks. The Colonial Office in London 
had also set about finding a Director and Grey appointed Lindley's candidate**, 
Charles Moore (1820-1907), who arrived in the following January. To Hooker's 
annoyance, the Colonial Office had not turned to him at all, but to Lindley (then 
Professor of Botany at University College London) and j.S. Henslow, Professor of 
Botany at Cambridge; Macarthur was not even corresponding with Lindley and the 
canvassing of Hooker by him and McLeay seems to have been ill-targeted. Although 
Grey had sent his dispatch to Gipps on 10 July 1847**, the news seems not to have 
been released by the Governor's office and the perceiv'ed effect was like that a few 
years before in the case of Charles Sturt (who was offered the post of Surveyor- 
General in South Australia in 1838 but an appointee from London was given the job 
and Sturt was offered that of Assistant Commissioner of Crown Lands instead 
[Gibbney 1966]), so that the local appointment seemed to have been overturned in 
favour of that made by London. In this case the confusion of the apparently crossing 
despatches led Grey in his despatch of 15 September to refer tersely to his earlier 
instruction®^ but it is not clear whether the Colonial Office had intelligence of the 
machinations of Macarthur and the Committee before discounting an approach to 
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the embroiled Hooker. In January 1848 Bidwill appeared in FitzRoy's despatch to 
Grey as eligible for public appointment having been 'Acting Colonial Botanist'**®. 

Bidwill continued in his November letter**'* to Hooker, 'Imagine then my disgust at 
seeing in [Lindley's] Gardeners' Chronicle of the 3rd July [p. 439] a paragraph stating 
that Mr Charles Moore was appointed to the Gardens at Sydney — 1 know nothing of 
Mr C. Moore but I can assure his friends that he must be a very discerning person 
indeed if the Council vote his salary next year — there are plenty of late precedents in 
this Colony to show that the Government here is not strong enough to carry money 
votes for Officers even if appointed by the Colonial Secretary in Downing Street — 
I write this purposely before I see Mr Moore because I do not wish to be biased for or 
against him before I tell you the facts of the case & to show you that if Mr Moore finds 
himself in difficulties when he comes here he will have his friends in England to thank 
for it — Here am 1, a person who has done a great deal for Gardening & the advance 
of Botany in this Colony, who has introduced more plants at my own expense than 
almost any other person ... in fact have always been employed for the benefit of my 
fellow colonists in this way — I am consequently nominated by the Legislative Council 
of the Colony to fill a situation which will enable me to continue [that] which my 
reduced means [would not otherwise allow]'. Even though he considered that Moore 
had never done anything for the Colony nor even England (he was a Scot), Bidwill 
was prepared to do what he could in the matter of the salary for Moore but 'if he is 
a nobody appointed mainly through political influence, why he may take his chance'. 

In January he wrote again to Hooker* as Hooker had sent copies of letters relating 
to the Moore affair to Bidwill's father, but also explaining that the contents of a case 
of plants sent from Kew, save a few gladioli had perished in transit, Bidwill explaining 
that they should not be crowded or wet when the cases are sealed. Of the Moore 
affair he wrote, 'When the Governor heard that through his mismanagement, 1 had 
been suspended in my situation at the Gardens he expressed himself very much 
annoyed at it and said he would give me something else — I asked him to appoint 
me Commissioner of Crown Land at Wide Bay ]now part of Queensland] to the 
extreme north of the Colony', which he duly did, in November 1848'*'. Despite this 
he was still asking Hooker for plants for the Colony, mainly fruit trees including 
Brazil nuts but also Mexican pines and Hedychium gardncriamim, now naturalized in 
NSW and Queensland. 

On Moore's arrival, Bidwill wrote once more to Hooker explaining that he had tried 
to be helpful but 'I do not expect he will prove to be the very best sort of person who 
could have been sent — he appears to me to only know what he has been taught 
and not to have any real knowledge of botany, nor has he any enthusiasm''*1 In 
February 1848, he returned to New Zealand for two months* and sent Hooker 
material including descriptions of conifers and other trees*"*; he had already bought 
and now sent some of the dried plants collected in Australia by Mitchell which 
Hooker may not have seen before as they had all gone to Lindley. Indeed Bidwill 
had complained of the inaccessibility of Mitchell's plants in his earlier correspondence. 

Macarthur, sending two seedlings of Araucaria bidivillii he had raised from seeds with 
notes on their germination, wrote to Hooker'*® 'What a pretty mess they have made 
with the appointment of Mr Moore at the Botanic Gardens'. Bidwill got a £300 salary 
in his new post and Council 'expressed themselves strongly' about his being superseded 
by Moore whose 'excessive arrogance & conceit wanted taking down'* and there 
followed some regrettable verbal exchanges. He now wrote to Lindley for the first 
time*"' with a case of living material including seedlings of A. bidivillii and Bidwill's 
hybrid Hibiscus (these also being sent with many plants of Dendrobium kingianum to 
Loddiges, Bidwill having sent four A. bidivillii plants to the Calcutta Botanic Garden, 
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herbarium specimens from which are preserved at Kew) offered in exchange for 
desiderata at Camden Park. He remarked, 'We have lately met with a great 
disappointment in the removal of Mr Bidwill from the situation of 'Director' of the 
Sydney Botanic Garden ... in his removal 1 assure you we feel as if we had our right 
hand lopped off'. No doubt wishing to ingratiate himself with the apparently influential 
Lindley, he did not blame Moore or Lindley, suspecting that Grey seeing vacillation in 
the Colony had set about filling the position with a person recruited in the British Isles. 
However, Bidwill^ eventually conceded that Moore was getting on 'tolerably well' but 
was wasting 'his time in making useless alterations in the layout of the Gardens'. 
Although Moore received the £300 salary in 1848 (but he had to pay his passage out), 
it was reduced to £200 thereafter’’, 'so much for Downing Street meddling'. 

According to Norton (1901) the trustees of the Museum retired from the management 
of the Gardens and Bidwill's friends were out for revenge. Sir Stuart Alexander 
Donaldson mooted the reduction of the annual parliamentary vote for the Gardens' 
running expenses to £150. He failed in not only this but his attempt to get them cut 
up and sold off as allotments. Even so, Moore was to have a trying time for the next 
few years. In May 1848 Bidwill was back in Sydney'* complaining that the support 
he had solicited in England for the Wide Bay post had seemed not to be forthcoming 
but that if he got it he would send Hooker plants from there. His pained remarks on 
the state of the Gardens are telling, 'The Sydney Gardens will always remain what 
they have been hitherto — a very good place for the Sydney people to walk in of a 
Sunday & for the nurserymaids during the rest of the week'. 


Wide Bay 

Before moving to Wide Bay, Bidwill went to Bathurst to buy, with others, Thomas 
Icely's mining property which allegedly had a mile of lode"”. In November he left 
by steamer for Newcastle on his way to the Brisbane River and thence to the Mary 
River, Wide Bay'"^ (Lennon 1924). At first there was only salt beef and bread to eat 
but he had one sweet potato plant and seven yams planted by January 1849 (Bidwill 
& Woodhouse 1927: 116). The land was flat but he wrote that 18 miles up the river 
a 'lagoon is covered with water lilies [Nympltaea gigantea], the flowers of which of a 
most beautiful blue colour, are a foot in diameter!'. 

The first settlement at Maryborough is now the suburb of Baddow and Bidwill 
established at Tinana Creek what he hoped would become a botanic garden, though 
there were difficulties particularly with drunkenness and other problems with the 
men sent to help establish the settlement (Bidwill & Woodhouse 1927:116). Professor 
Clough tells me that the first sentence imposed in the Circuit Court was a horse¬ 
whipping for one j.D. MacTaggart who had assaulted Bidwill himself. Moreover, in 
1849 the settlement was attacked by more than 200 Aborigines Bidwill almost lost 
his life"” but his botanical keenness was undimmed. He had sent material to Kew in 
the Camden cases, which included two more living bunya-bunya pines in 1848 
the case being returned in May 1849"“; his request for fruit trees (Bidwill & 
Woodhouse l.c.) and later a case of succulents was granted when such was sent out 
in October 1849'®^. He sent material including seeds and orchids to the Sydney 
Gardens (Gilbert 1986: 82) as well as to Macarthur, whose catalogue of plants grown 
at Camden in 1850 includes orchids and ‘Dammara sp.' (probably Agathis robusta; see 
below) from Wide Bay, though he would not let T.W. Shepherd's nursery have seed 
(but see below), it all going to his patron Macarthur. He may have been the first to 
plant sugar-cane in Queensland (Hewitt et al. 1964) and his salary rose with time, to 
£500 per annum in 1849 for work he considered merely pleasure (Maiden 1908); he 
eventually had an '800 acre paddock' there with two gardens, one near his house 
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and a second at the junction of the creek. Allegedly he 'ran' the whole settlement, 
being not only Commissioner but also Clerk of Petty Sessions and Harbour Master 
besides performing marriages and reading burial services (Lennon 1924: 19). 

On 2 January that year Bidwill wrote to King from the Mary River (the letter, from 
'J.S. Bidwill' being printed in Hooker’s /. Bot. 1(1849)284-6 under 'Another coniferous 
tree detected in Australia') about his triumph in finding the day before what is now 
called Agathis robusta. In 1842, an Aboriginal at Moreton Bay had told him that there 
was such a tree. No-one else could attest to this, but Bidwill persisted and found it on 
the site of the future Maryborough; to get the one cone on it, the huge tree had to be 
felled. By the end of March''*', he could write to King that he was building his house 
in what had been a wood of Agathis robusta. He seemed to have mellowed over the 
Moore affair for, as King was now bound for England, Bidwill wrote, 'By the by, try to 
find out what was Lindley's reason for appointing Moore, when he could have (one 
would think) so easily have found a better sort of person — for Moore is an ass, and 
a very conceited ignorant one too — and as his appointment was really a good thing 
for me, I may say so now, without fear of thinking I am prejudiced against him. Lindley 
is such a crooked minded man that it is impossible to guess what his motives may have 
been but perhaps Sir W. Hooker may know'. Living material of the 'Damimra sp. Wide 
Bay' was sent from the Sydney Gardens to Henderson's in London on 1 April 1852 
(Hyland 1978) and six plants of 'Dammara new species from North Australia' were sent 
to England from Camden on Christmas Eve 1854"“, while 'Dammara sp. Le 'Kaurie 
Tree' de Wide-Bay' was no. 75 of the woods sent from Moreton Bay and Wide Bay to 
the Paris Exposition of 1855 by Moore (Macarthur & Moore 1855). A young plant from 
the Gardens was illustrated in a Sydney periodical in 1857 with the name D. robusta 
attributed to Moore but that name was not validly published until 1860 when it was 
based on material made available to Ferdinand von Mueller (by T.W. Shepherd's Nursery 
in Sydney!). In horticulture it may have been the plant known as D. bidwillii. 

Maryborough became a township and had its first policeman in 1850 (Hewitt et al., 
1964). But without civilized company, Bidwill was lonely and periodically depressed; 
in his letter to King there is more than a broad hint that he was missing King's 
daughter, of whom he would have liked to get a daguerreotype made in London if 
he had been bold enough to ask for it directly. He was in Sydney in April 1850, 
travelling with Macarthur to Clovelly, Watson's Bay, to see 'poor Anderson' who 
was ill’" but it was from Tinana that he wroteproposing to send his father a log 
of an apparently undescribed Acacia sp. ('briggalo', i.e. A. harpopliylla), mooted as a 
furniture timber, for the Great Exhibition of 1851. His father agreed and a log from 
'J.G. Bidweir of 'Zinana' was duly exhibited "“. 

In April 1851, Bidwill set out to mark a road from Maryborough to Brisbane, being 
120 miles as the crow flies, the road then existing being twice that long. The Governor 
had ordered this 'mark-tree line' to shorten the distance travelled by prisoners (Loyau 
1897). With him were four men including BidwilTs young 'ward', (Seorge Dart who 
had arrived in 1850 (Lennon 1924: 10). Two horses and a team of bullocks were lost 
to Aborigines who speared them (Anon. 1856). As rations were low, Bidwill and one 
Slade started out for the station at Durundur near present-day Woodford (Hewitt et 
al. 1964) but without Bid will's compass they wandered for eight days lost in the 
bush, apparently somewhere near the present-day Kilcoy"'* without food except for 
some honey given to them by Aborigines, and one large grub. They were guided 
and indeed carried to Durundur by the friendly aborigines (McKinnon 1940) but the 
rest of the party lost everything, including Bidwill's diary, to attacking aborigines. 
As a result of these experiences, BidwilTs health declined, apparently largely due to 
kidney problems "^. Despite the attentions of two local doctors and a third consulted 
later in Sydney (Loyau 1897, McKinnon 1940), he was never to recover. 
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While marking the road, the party had come across the wool of some 2000 sheep which 
had been taken from a station and eaten by Aborigines (McKinnon 1940). Their line 
went through what later became the middle of present-day Gympie. While a temporary 
bridge was being constructed there, Bidwill found gold nuggets, which Dart alleges 
Bidwill kept in a bottle, though their origin he kept secret. The goldfield was 'discovered' 
in 1867 and the resulting goldrush boosted the economy of Maryborough thereafter. 
Dart also alleged that Bidwill found gold at Glastonbury (Loyau 1897, Lennon 1924: 
81). Later in 1851 Bidwill was camping some 30 miles from the Maryborough 
settlement but the kidney inflammation was so bad he had to return. He was under 
constant medical supervision and had a bout of hiccoughs which lasted from 29 August 
until 9 October. He had an abscess in the perineum and this extended to the rectum for 
which he was treated with morphine. By October he was reduced to a skeleton and 
died a painful lingering death at Tinana 16 March 1853, aged 38. 

Almost till the end, Bidwill had continued to exchange cases of plants with Kew, a 
consignment of his desiderata coming out in August 1850 and the case returning 
with Araucaria and Agathis plants 'many dead' in September 1852 "L He was strong 
enough to voice criticisms of Moore's (apparently unpublished) treatment of Agathis 
as well as to propose a visit to New Caledonia. Early in 1853 there was an attempt 
to add the Moreton Bay District to his responsibilities, so arranged as to give the 
ailing Bidwill no time to protest, when no-one had yet even succeeded in crossing 
the dividing range between the Rivers Mary and Brisbane without immense difficulty, 
as he himself knew only too well. The drought of that summer almost destroyed his 
garden and in his last weeks he had no vegetables save sweet potatoes to live on. 
Expecting to die soon, he wrote a touching and devoutly Christian letter to his 
parents(Anon. 1856) on 5 March, explaining that he had hoped to return to England 
but was now dying, his stomach rejecting even liquids. Whilst at a friend's house, he 
suffered severe chest pains and thereafter was confined to bed for the last ten days 
of his life during which his friends, no doubt including Dart who lived at Tinana 
with him, took it in turns to read to him from the Bible 

His last known letter, in wavering handwriting, was written to William Macarthur the 
next day (March 6) and the first call on his estate was to be his debt to his patron 
After this and other debts arising from 'Dr Anderson's' (?of Clovelly) will, the residue 
of his estate was to go to his brother in New ZealandC. Robert Bidwill, who came 
across to Sydney on 19 July’^'' and apparently took back some of Bidwill's effects 
including his letter-book rediscovered in 1925 (Bidwill & Woodhouse 1927: 116); the 
rest of his effects except for his extensive wardrobe were sold locally, the land he 
owned at Port Halswell and Murphy Street Wellington as well as in Sydney being sold 
cheaply (Bidwill & Woodhouse 1927, Ch. 14). He was buried in his garden with four 
bunya-bunya trees around the grave: it was still in good condition in the 1950s on the 
property ('Bidwill', not to be confused with the Maryborough suburb of that name 
[Bidwill 1952: 81) of a Mrs Gran, though Hewitt et al. (1964) report that the spot was 
marked merely by a plain headstone. His post as Commissioner was not refilled. 

Many of the plants commemorating him (see Appendix) were novelties collected in 
the Wide Bay years. Of his horticultural introductions to Europe from Queensland 
besides the bunya-bunya pine, Akania bidwillii among others bears his name; it was 
long grown without flowering at Kew as ‘Lomatia bidioillii’ (Mabberley 1990: 271) and 
is conceivably the '19 New Lomatia or a new Myrtacea of some kind' sent with 
Araucaria plants from Moreton Bay in 1848'^, though it was first formally described in 
nurserymen's catalogues. Besides Agathis robusla, another striking novelty was 'Victoria 
fitzroyam', i.e. Nympimea gigantea Hook. (Lindley 1853), available to Kew as seeds from 
Carter the seedsman in Holborn in the early 1850s though described from herbarium 
specimens (his '39') and a dead tuber sent by Bidwill to Hooker in 1851. On Bidwill's 
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death, most of the plants in the Tinana garden were supposed to liave been transferred 
to Sydney and Moore went to Tinana in the spring of 1853 to look at the garden, but 
he concluded that it was not worth 'the Expense of purchasing and preserving the 
collection of plants of the deceased gentleman' (Gilbert 1986; 87). The Garden which 
had a mango, perhaps the first grown in Australia (McKinnon 1940), no longer exists, 
but Maryborough City Council is establishing a Bidwill Arboretum in the centre of 
Maryborough to include some of the plants named after him. 


Bidwill's achievements 

Besides his exploration and administrative work in New Zealand and Australia, 
Bidwill was at the centre of Colonial botany and horticulture, being Macarthur's key 
expert on the introduction of new plants from abroad and their hybridizing and 
selection for Australian conditions, as well as the discovery and export of new New 
Zealand, Tahitian and Australian plants and sometimes even their hybridizing with 
exotics. Despite his very short tenure of the Directorship of the Gardens, Bidwill 
seems to have been desperately concerned about their welfare as a scientific rather 
than merely recreational institution. Not only did he discover many new plants in 
both Australia and New Zealand as well as Tahiti, the names of some of them 
commemorating him (see Appendix), but he also introduced many of them live to 
Europe and in exchange introduced thence and from Tahiti economic plants including 
papayas and perhaps the mango as well as many ornamentals including stephanotis 
to the young Colony; he was at the forefront of hybridizing ornamentals, most 
notably perhaps X Amarygia cvs which are now grown throughout the world. 

Living an apparently financially rather precarious existence as a trader and agent, 
dealing in living plants as well as other goods, he had enjoyed the patronage of his 
horticultural contacts, notably Macarthur, which had led him to believe he was more 
or less destined for the Sydney post. He began the job energetically but the precipitate 
appointment made in ignorance by a new Governor, perhaps under pressure from 
the domineering Macarthur, after all the careful financial fixing had been arranged, 
was his undoing; his bitterness is understandable, but his untimely death in the 
harsh conditions of the early Maryborough settlement seems an unjust end for such 
a promising scientist. 

Bidwill's publications were few, but the importance of his Rambles in Nezv Zealand 
should not be underestimated. Moreover he was generous with information and 
much of it contained in his letters was published by others, though his discoveries 
in New Zealand were perhaps played down. His herbarium specimens are preserved 
at Kew and also Cambridge (New Zealand material), Berlin, Leiden, Melbourne and 
Missouri (all Australian pl-mts). Besides in plant names, he is commemorated in the 
names of a suburb in Maryborough (sometimes incorrectly called Bidwell) and another 
in Sydney. The latter was laid out in the early 1970s; the names of the streets in the 
area developed by the Housing Commission north of Manifold Road, east of 
Popondetta Road and west of Daniels Road act as memorials of the man, his 
associates, discoveries and other achievements: Bidwill Square, Bidwill Reserve, Came 
Way, Exeter Place, Tinana Place, Tongariro Terrace, Wide Bay Circuit, Bunya Road, 
Pine Crescent, Petrie Close, Ludwig Square, Macarthur Way, Camden Way, King 
Square, Fitzroy Way, Waterlily Terrace, Acacia Terrace, Cupania Crescent, Capparis 
Crescent, Jasmine Crescent, Loranthus Crescent, Myrtus Crescent, Amaryllis Way, 
Molong Way, though perhaps Bidwill would have been less than happy with Kidd 
Close, Lindley Square and Dieffenbach Terrace! The names seem to have been taken 
from the biographical sketch by Maiden (1908), which also explains the use of 
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Brightman, Mena and Deccan and other names for example. For streets named after 
plants named after Bidwill see Appendix. He was a brave man who in effect gave 
his life for Australia and justly deserves such civic recognition but he and his 
pioneering work certainly deserve scientific rescuing from relative obscurity. There 
is no known portrait of him so perhaps it is time to commemorate him appropriately 
with plantings, especially the fruits of his hybridizing, in the Gardens he loved. 
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Vi 1850) ff. 213-6 

16. ML: W. Macarthur, Catalogue 1845: 6 

17. ML: Macarthur Family Papers, Edward Bowman Misc. Letters & Papers 1843-1851 (MSS A 
4297) ff. 7-10 
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78. RBGS: MS B2 f. [1 x 1847] 

79. RBGK: W.J. Hooker Corr. [Australian Letters 1834-1851] 73 letter 7 

80. Alistair Hay, pers.comm., cf. Telopea 5: 299 (1993) 
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121. ML: DOC 333 

122. ML: Macarthur Papers 40 Sir William Macarthur In Letters 1827-57 (A 2936) ff. 165-6 
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Appendix: eponymy (with Bidwill material when types) 

Acacia bidwillii Benth. in Linnaea 26: 629 (1855) - Leguminosae (Fabaceae) 

Type; Queensland, Wide Bay, Bidivill '93' (K! holo) 

Street: Acacia Terrace, Bidwill NSW 2770 

Akania bidioillii (Hogg) Mabb., Plant-book, corn repn; 707 (1989) - Akaniaceae 
Type: Cult. RBG Kew ex Hort Linden 1872 (K! neo selected by Mabb. l.c.; ill. Bot. Mag. 
t. 8469 (1912)) 

X Amarygia bidzvillii H.E. Moore in Baileya 19:164 (1975, 'bidwellii'), i.e. Aman/llis belladonna 
L. X Brunsvigia orientalis (Amaryllidaceae), nom. superfl. = ? X Anianstetes i'X A. multiflora' 
Hannibal, nom. illeg., X Amarygia parkeri (W. Watson) H.E. Moore) 

Type: None preserved; see Hannibal (1994) for discussion 

[Araucaria bidioilliana Hort. (e.g. T.W. Shepherd, Cat. PI. Darling Nursery (1851)15, nom. 
nud.) = seq. (cf. Sieb. & Voss, Blumeng. ed. 3,1; 1234 (1895))] 

Araucaria bidwillii Hook., London /. Bot. 2: 503, tt. 18, 19 (1843) - Araucariaceae 
Type: Queensland, Moreton Bay, 70 mi NW Mt Brisbane, Bidioill (?K, not found) 

Aster bidzvillii Kuntze, Rev. Gen.: 315 (1891) = Olearia znrgata (Hook.f.) Hook.f. (Compositae 
[Asteraceae]) 

Type: New Zealand, Nelson, Wairau Pass, Bidzvill (K!, syn.) 

Auslromyrtus bidzvillii (Benth.) Burret in Notizbl. Bot. Gart. Berlin 15:501 (1941) - Myrtaceae 
Type; Queensland, Wide Bay, Bidzvill 'IT (K! holo) 

Street: Myrtus Crescent, Bidwill NSW 2770 

*Bidzvillia glaiica (Ruiz & Pavon) Herbert ex G. Don f. in Loudon, Ena/cl. Pi: 1344 ('glaucus', 
1855); Hereman, Paxton's Bot. Diet., new ed.: 75 (1868) = ? Echeandia sp. (Anthericum glaucum 
Ruiz & Pavon), though Bob Cruden (in lift) suggests that Triliesperus Herbert may have to 
be revived for A. glaucum and its allies 

Bidzvillia glaucescens Herbert in Lindley, Bot. Reg. 30, Misc.: 90 (1844, 'Bidwellia'); Lindley, 
Kingdom: 205 (1847) 

Type: Cult. W. Herbert ex 'New England' (?Bidwill), ? not preserved. Although Henderson 
(FI. Australia 45 (1987) 419) tentatively referred B. glaucescens to Caesia parviflora R. Br. 
(Anthericaceae), Herbert distinctly notes that the anthers are versatile, thereby suggesting 
Asphodelaceae, and he himself considered Bidzvillia a possible section of Asphodelus. He 
also referred to his allied South American genus Triliesperus Herbert (l.c.) both Anthericum 
glaucum Ruiz & Pavon (referred erroneously to Bidzvillia by Don, see above) and A. 
latifolium Kunth. Moreover, the divaricately branched peduncle, basally swollen filaments 
and brownish tetrahedral seeds strongly suggest Trachyandra divaricata (Jacq.) Kunth 
which has been long established in New South Wales; it has been placed in Anthericum 
but is now referred to Asphodelaceae. However it is found in coastal sand dunes which 
scarcely matches Herbert's 'elevated tract of table-land called New England'. It may 
have been that there was some confusion with Bidwill's imported plants (if the material 
was his at all) but without a specimen or drawing it is perhaps impossible to be sure 
what Bidzvillia really was. Indeed Bidwill himself wrote to Hooker (RBGK: W.J. Hooker 
Corr. 73, letter 14) on 31 Oct 1848, asking for a description of the plant as he had 'not the 
least knowledge of the plant in this country' 

[Bignonia bidzvitliana Regel, Cat. PI. Flort. Avakov: 19 (1860), nom. nud., = ?] 

Brachychiton bidzvillii Hook., Bot. Mag. 85: t. 5133 (1859) - Sterculiaceae 
Type: Cult, at Kew from seeds sent from Wide Bay by Bidwill (K! holo) 

This may well be Sterculia sp. (Bidwill) of Macarthur's 1850 Camden catalogue (p. 19) 

Brachyglottis bidzvillii [Hook.f., FI. N.Z. 2: 342, nom. in synon.] (Hook.f.) Nordenstam in 
Op. Bot. 44: 29 (1978) - Compositae (Asteraceae) 

Type: New Zealand, mountains near Nelson, Bidzvill '36' (K! syn) 

* Omissions from Index Kewensis 
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*X Brunsdoum hidiuillii Worsley in f. Roy. Hort. Soc. 51: 65 ('Bidwelli', 1926), nom. superfl. 
= X Amanfgia parkeri (W. Watson) H.E. Moore. See X A. bidwillii above 

*Brunsvigm-Kbidioillii Hannibal in PI. Life 5:134 ('bidwellii', 1949), nom. superfl. = praec. 
Cladium bidwillii (Stapf) Kuekenthal in Feddes Repert. 51:148 (1942) = Machaeriim bidwillii 
Clompanus bidwillii (Hook.) Kuntze, Rev. Gen.: 78 (1891) = Brachychilon bidwillii 
Columbea bidtvillii (Hook.) Carr., Conif ed. 2: 601 ('Colymbea', 1867) = Araucaria bidwillii 
Cracca bidwillii (Benth.) Kuntze, Rev. Gen.: 174 (1891) = Teplirosia bidivillii 

Cryptocarya bidwillii Meissner in DC, Prodr. 15: 74, 508 (1864) - Lauraceae 
Type: Queensland, Wide Bay, Bidwill '38' (K! holo) 

Cupania bidwillii Benth., FI. Austr. 1:460 (1863) = Elattostachys xylocarpa (F. Muell.) Radik. 
(Sapindaceae) 

Type: Queensland, Wide Bay, Bidwill (K! holo) 

Street: Cupania Crescent, Bidwill NSW 2770 

Cyrtandra bidwillii C.B. Clarke in DC, Monog. Phan. 5: 272 (1883) - Gesneriaceae 
Type: Tahiti, Bidivill (K! syn) 

Dacn/diiim bidwillii Hook.f. ex T. Kirk in Trans. N.Z. Inst. 10:388 (1878) = Halocarpus bidivillii 
[Dammara bidwillii Hort. ex Gordon, Suppl. Gordon’s Pinetum: 28 (1862), nom. in synon.; Carr., 
Conif. ed. 2: 625 (1867), nom. nud. = ? Agathis robiista (F. Muell.) L.H. Bailey (Araucariaceae)] 

Elattostachys bidwillii (Benth.) Radik, in Sitzb. Math-Phys. Akad. Muench. 9:502,601 (1879) 
= E. xylocarpa 

[Erythrina X bidwilliana Hort. (e.g. T.W Shepherd, Cat. PI. Darling Nursery (1851) 25, 
nom. nud.) = seq.] 

Eri/thrina X bidwillii Herbert in Lindley, Bot. Reg. n.s. 10: t. 9 (1847) 

Type: sent to Herbert at Spofforth, Yorkshire by Bidwill as E. herbacea (female) x 
E. cristagalli (male), not preserved. 

According to Wil l iam Macarthur, lie raised this at Camden Park and sent it to England as 
'E. Camdenii' (Macarthur Papers 37(A) Sir William Macarthur Letterbooks 1844-1874 ff. 
160-164, A 2933-1, Mitchell Library), though appearing later in MS (op. cit. 2933-2 f. 14) 
as 'Erythrina Camdenensis’ (as when two plants were sent to Loddiges at Hackney in 1845, 
though listed as E. Camdeni in the Catalogue of Plants cultivated at Camden published the 
same year) or 'herbaceocristagalli'. At the time considered the only hybrid legume known 
(Herbert 1847) and believed by Clough (1992) to be the first ornamental plant developed 
in Australia and illustrated in a publication 

Exocarpos bidwillii Hook.f., FI. N.Z. 1: 223, t. 52 ('Exocarpus', 1853) - Santalaceae 
Type: New Zealand, S Island, Wairau Mts, 1000-1500' above plain, Bidivill '6' (K! holo) 

Forstera bidivillii Hook.f., FI. N.Z. 1; 155 (1852) - Stylidiaceae 
Type: New Zealand, North Is., 'Tongariro', Bidwill (K! syn) 

Furcilla bidwillii (Benth.) Tieghem in Bull. Soc. Bot. France 42:85,87,166 (1895) = Muellerina 
bidwillii 

Halocarpus bidwillii (T. Kirk) Quinn in Austral. J. Bot. 30: 317 (1982) - Podocarpaceae 
Type: New Zealand, Nelson, Bidwill '130' (K! syn) 

*Hebe x bidwillii (Hook.) [Wall in Trans. Proc. N.Z. Inst. 60: 384 (1929), basionym non cit.;] 
A.W. Hill, Ind. Keiv. Suppl. 8: 107 (1933) = Parahebe x bidwillii 

Helichrysum bidwillii Benth., FI. Austral. 3:627 (1867) = Ozothainnus bidwillii (Benth.) A. Anderb. 
Hyptiandra bidwillii Hook.f. in Benth. & Hook.f., Gen. PI. 1: 294 (1862) = Quassia bidivillii 

Jasminum bidwillii Vis. in Atti Real 1st. Venet. Sci. ser. 3, 4: 136 (1858-9) = /. didymum 
Forster f. subsp. lineare (R. Br.) P. Green (Oleaceae) 

Type: Cult. Hort. Patav. (?PAD, not found) 

Street: Jasmine Terrace, Bidwill NSW 2770 
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Libocedrus bidivillii Hook.f., Handb. N.Z. FL: 257 (1864) - Cupressaceae 
Type: New Zealand, Nelson, Bidwill '126' (K! holo) 

*Loimtia bidwillii E.G. Henderson, Cat. 1859, n.v.; ex Hogg, Card. Yearb. 1860: 75 (1860) = 
Akania bidwillii 

Lomnlhiis bidivillii Benth., FI. Austral. 3: 390 (1867) = Muellerim bidwillii 

Maclwerim bidwillii (Stapf) Koyama in Bot. Mag. Tokyo 69:62 (1956, 'bidwellii') - Cyperaceae 
Type: Tahiti, 'extreme top behind' Papeete, Bidwill (K! holo) 

Mariscus bidivillii (StapO J-W. Moore in Bernice P. Bishop Mus. Bull. 102:20 (1933, 'bidwellii') 
= praec. 

Miliusa bidwillii (Benth.) R.E. Fries in Ark. Bot. n.s. 3: 42 (1955) = Fitzalania heteropetala 
(F. Muell.) F. Muell. (Amionaceae) 

Muelleritia bidwillii (Benth.) Barlow in Proc. Linn. Soc. Nav South Wales 87: 53 (1962) - 
Loranthaceae 

Type: Queensland, Wide Bay, Bidwill '2', '17' (K! syn) 

Street: Loranthus Crescent, Bidwill NSW 2770 

Myrtus bidwillii Benth., FI. Austr. 3: 275 (1867) = Austromyrtus bidwillii 

Ozothamnus bidwillii (Benth.) A. Anderb. in Opera Bot. 104:89 (1991) -Compositae (Asteraceae) 
Type: Queensland, Wide Bay, Bidwill '110' (K [photo!] lecto selected by Burbidge, Austral. 
]. Bot. 6:244 (1958)) 

Parahebe x bidwillii (Hook.) W. Oliver in Rec. Doinin. Mus. 1:230 (1944) - Scrophulariaceae 
(P. decora Ash win x P. lyallii (Hook.f.) W. Oliver) 

Type: New Zealand, Wairau, c. 2250', Bidwill '15' (K! holo) 

Phrygilanthus bidwillii (Benth.) Eichler in Mart., FI. Bras. V, 2: 48 (1868) = Muellerina bidwillii 

Podocarpus bidwillii Hoibrenk ex Endl., Syn. Conif.: 213 (1847) = P. spinulosus (Sm.) Mirbel 
(Podocarpaceae) 

Type: cult. Hort. Huegel (? W, destroyed) 

[Podolobium bidivillianum ]. Knight ex J.W. Loudon, Ladies Mag. Card. 1: t. 8, fig. 4 
('bidweUiana', Aug. 1841 without analysis; 'P. trilobatum var. bidwillianwn' [nom. in syn. 
pro P. berberifolium] G. Don f. in J.W. Loudon, op. cit.: 256, 'bidwelliana'. Sept. 1841) = 
P. ilicifolium (Andr.) Crisp & Weston (cf. Mabberley 1978)] 

Quassia bidwillii (Hook.f.) Nooteboom in Blumea 11: 519 (1962) - Simaroubaceae 
Type: Queensland, Wide Bay, Bidwill '6', (K! syn) 

Saccopetalum bidivillii Benth., FI. Austr. 1: 53 (1863) = Fitzalania heteropetala (F. Muell.) 
F. Muell. (Annonaceae) 

Type: Queensland, Wide Bay, Bidwill '37' (K!, holo) 

Samadera bidwillii (Hook.f.) Oliv. in Hook., Ic. PI. 4, 5: t. 2449 (1896) = Quassia bidwillii 
Sitnaba bidwillii (Hook.f.) FeuUlet in Bull. ]ard. Bot. Nat. Belg. 53:510 (1983) = Quassia bidivillii 
Senecio bidwillii Hook.f., FI. N.Z. 1: 150 (1852) = Brachyglottis bidwillii 
Sterculia bidwillii (Hook.) Benth., FI. Austr. 1: 228 (1863) = Brachychifon bidivillii 

Tephrosia bidwillii Benth., FI. Austr. 2: 210 (1864) - Leguminosae (Fabaceae) 

Type: Queensland, Wide Bay, Bidwill ‘103’, '105' (K! syn) 

Veronica X bidwillii Hook., Ic. PL 2, 5: t. 814 (1852) = Parahebe x bidwillii 

Vincentia bidivillii Stapf apud Setchell in Dept. Marine Biol. Carnegie Inst. 20: 112 (1924, 
'bidwellii') = Machaerina bidwillii 

Xylophyllos bidivillii (Hook.f.) Kuntze, Rev. Gen.: 589 (1891) = Exocarpos bidwillii 
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A new species of Typhonium Schott 
(Araceae-Areae) from the Northern Territory, 
with notes on the conservation status 
of two Areae endemic to the Tiwi Islands 

A. Hay and S.M. Taylor 


Abstract 

Hay, A} and Taylor, S.Md (’Royal Botanic Gardens, Mrs Macquaries Road, Sydney, NSW, Australia 
2000; ^Northern Territory Herbarium, Parks & Wildlife Commission of the Northern Territory, 
P.O. Box 496, Palmerston, NT, Australia 0831) 1996. A new species o/Typhonium Schott (Araceae- 
Areae) from the Northern Territory, with notes on the conservation status of two Areae endemic to the 
Tiiui Islands. Telopea 6(4): 563-567. Typhonium johnsonianum is described as new from Black 
Jungle, NT. The discovery of two or three further incompletely known Northern Territory Areae 
is noted. The newly described species is fitted into a previously published key to Typhonium in 
Australasia. T. joncsii A. Hay is noted to be widespread and fairly common in the Tiwi Islands. 
A second population of the rare Lazarum mirabile A. Hay is reported from Melville Island. 
Conservation status of these taxa is proposed using ROTAP codes. 


Introduction 

Sriboonma et al. (1994) published a revision of Typhonium, based mainly on study of 
the Asiatic species and incorporating the Australasian species recognised in Hay 
(1993). The closely allied Australian endemic genus Lazarum A. Hay, with one 
species, was erected by Hay (1992). Generic delimitation and distribution of the tribe 
Areae, to which these genera belong, have been discussed by Hay (1992, 1993). 

Recent collecting by S.M.T. has turned up three or four (some of the variation may 
be intraspecific) putatively new taxa of Areae in the Northern Territory, all within a 
short distance of Darwin. Of these, only one is yet known in flower. The other two 
or three taxa, not matching known species vegetatively and not able to be ascribed 
with certainty to one or other of the above-mentioned genera, are now in cultivation 
at the Royal Botanic Gardens Sydney and/or the Darwin Botanic Gardens. While it 
is unlikely that they will all become known in flower and be validly named before 
the deadline for submission of the Araceae manuscript for Flora of Australia, it 
seems desirable to name the one that is more fully known before that deadline is 
reached. These new taxa, added to those recognised in Hay et al. (1995), bring the 
total number of indigenous Australian aroid species to 31 or 32. 

Recently A.H. was able to join an excursion to the Tiwi Islands organised by the 
Parks & Wildlife Commission of the Northern Territory which found, inter alia, a 
second population of Lazarum mirabile, hitherto known only from its Type locality, 
and several additional populations of Typhonium jonesii A. Hay. 

1. Typhonium johnsonianum A. Hay & S. Taylor, sp. nov. 

Ab aliis speciebus Typhonii organis neutris supra, inter et infra pistilla dispositis, 
appendice lateraliter compressa differt. 
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Holotype: Northern Territory: Black Jungle Reserve, 12°30'S 131°12'E, S.M. Taylor 
218, 21 Dec 1994 (DNA, fl.). 

Deciduous geophyte; corm cream, hemispherical, c. 1.5 cm diam., orientated on its 
side; foliage leaves 5 together; petiole 4 cm long, sheathing in the lower 3.5 cm; free 
portion of petiole c. 1.5 mm diam., channelled; sheathing portion membranous, 
weak, to c. 5 mm wide, subterranean; leaf blade dull light green, somewhat coriaceous, 
± elliptic, the base obtuse, the tip shortly apiculate, blade of first foliage leaf much 
reduced, c. 1 cm long, the remainder c. 3.5 cm long x 1.7 cm wide; midrib somewhat 
prominent at the base abaxially, elsewhere ± flush with lamina; primary lateral 
veins c. 3 on each side of the midrib, diverging at c. 30°, slightly impressed abaxially, 
slightly raised adaxially. Inflorescence terminal, arising among the leaves of which 
some precede and some follow it (i.e. current growth comprised of parts of each of 
two modules of a sympodium); peduncle equalling the sheathing portion of the 
petiole, c. 2.5 mm diam., faintly angled in cross-section; lower spathe white with 
vertical maroon stripes and a grey-maroon ring at the top, cup-shaped, abruptly 
constricted at the apex, c. 1.2 cm diam., keeled abaxially, faintly longitudinally ribbed; 
spathe limb light green outside, brownish maroon within, ± lanceolate, c. 5 cm long 
X 1.5 cm wide near the base, erect to slightly deflexed; spadix shorter than the 
spathe, 4.5 cm long, sessile; female zone c. 3 mm long; pistils acroscopic, narrowly 
obpyramidal, ridged longitudinally, c. 1 mm tall, stigma very prominent, dome¬ 
shaped, papillate; sterile interstice c. 1.7 cm long, naked except for filiform neuter 
organs in the lower 3 mm, very slender; neuter organs also distributed within and 
immediately below the female zone, c. 7 mm long, erect and straight except for 
curved-over distal 1 mm; male zone 6 mm long, 3mm wide from the side, laterally 
compressed; male flowers not discernible as such, the zone ostensibly a mass of 
stamens; anthers cream, sessile, dumb-bell-shaped from above, but with the 
connective c. twice the height of the thecae; appendix chocolate brown, sessile, c. 
5mm wide at base in lateral view, compressed, c. 2 mm wide in dorsiventral view, 
longitudinally ridged, rugose, tapering to a rather blunt point; infructescence 
unknown. Fig. f. 

Derivation of epithet: this species is named in honour of L.A.S. Johnson, venerable 
Australian botanist, following the occasion of his seventieth birthday. 

Flowering period: December. 

Habitat: Open grassy clearing between Acacia auriculiformis/Melaletica forest and 
Lophostenion lactifliius forest near flood plain edge, in sandy well drained soil with 
high water table during wet season. 

Distribution: known only from the type locality. 

Proposed conservation status: 2KCi. [For explanation of ROTAP codes, see Briggs & 
Leigh, 1988]. 

Notes: The occurrence of neuter organs amongst and below the pistils is not recorded 
in any other species of the genus (cf. Sriboonma et al. 1994). Acroscopic pistils are 
also found in T. nudibaccatum A. Hay (Kimberleys) and T. joriesii (Tiwi Islands), in 
Lazarum and in the allied Indian Theriophomim Schott, but not apparently in Asiatic 
or other Australian Typhonium species, though T. filiforme Ridl. (Malay Peninsula, 
Thailand) approaches this state. The organization of the shoot in this species 
corresponds to stem type D in Murata's study of diversity of shoot morphology in 
Typhonium (Murata 1990: fig. 5). 

Paratype: Northern Territory: Black Jungle Reserve, north end, Taylor 156, 30 Nov 
1993 (DNA, spirit, fl.; NSW, photo). 


Hay & Taylor, A new species of Typhonium Schott 


565 



Fig. 1. Typhonium johnsonianum. a, habit; b, spadix; c, pistils and neuter organs; d, stamens. 
Scale bar: a = 6 cm; b = 3 cm; c, d = 7 mm. 
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2. Typhonium jonesii A. Hay 
A. Hay (1993; 355) 

Several localities in addition to those in the protologue can now be cited (see below) 
for this species, which occurs sporadically but quite commonly in the Tiwi Islands. 

Proposed conservation status: 2R. 

Further specimens seen: Northern Territory, Melville Island, Hanguana Jungle, /.L. Egan & 
S. Callis 5155, 5 Dec 1995 (DNA), cult. Darwin BG Acc. No. 951021 & Hay 11003, 5 Dec 1995 
(NSW) cult. RBG Sydney Acc. No. 952463; Melville Island, 8 km W of Three Ways, Hay 11019, 
7 Dec 1995 (no voucher), cult. RBG Sydney Acc. No. 952477; Melville Island, Three Ways - Snake 
Bay Rd, Hay 11027, 8 Dec 1995 (no voucher), cult. RBG Sydney Acc. No. 952485; Bathurst Island, 
c. 10 km W of Nguiu, Hay 11040, 12 Dec 1995 (no voucher), cult. RBG Sydney Acc. No. 952497. 

3. Lazarum mirabile A. Hay 
A. Hay (1992: 430). 

Hitherto this species was known only from its Type locality at Hanguana Jungle (= 
Jump Up Jungle), Melville Island. A second population was found by Judy Egan 
(DNA) along the road from Three Ways to Snake Bay on Melville Island. A search 
on Bathurst Island failed to find this species there. 

Distribution: endemic to Melville Island. 

Habitat: occurring very sporadically in groups in open eucalypt woodland in lateritic 
and sandy soils, in patches where the leaf litter is sparse or absent, mainly near the 
bases of young Cycas plants. 

Proposed conservation status: 2R. 

Further specimens seen: Northern Territory, Melville Island, Hanguana Jungle, J.L. Egan 
5166, 6 Dec 1995 (DNA, fr.), cult. Darwin BG Acc. No. 951049 & Hay 11008, 5 Dec 1995 (no 
voucher), cult. RBG Sydney Acc. No. 952468, Hay 11011, 6 Dec 1995 (no voucher), cult. RBG 
Sydney Acc. No. 952471; Melville Island, 10 km SE of Milikapiti (Snake Bay) along road to 
Three Ways, J.L. Egan 5217, 8 Dec 1995 (DNA, fr.), cult. Darwin BG Acc. No. 951045 & Hay 
11028 (no voucher), cult. RBG Sydney Acc. No. 952486. 


4. Amended key to Typhonium in Australasia (cf. Hay 1993: 348). 

1 Pistils set (sub)perpendicular to spadix axis, plagioscopic . 4 

1* Pistils set subparallel to spadix axis, acroscopic . 2 

2 Neuter organs filiform, distributed above, below and within the female zone . 

. T. johnsonianum 

2* Neuter organs clavate to truncate, above the female zone . 3 

3 =2 in Hay 1993: 348. 

4 = 3 in Hay 1993: 348; etc. 
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A new Australian species of Carex 
(Cyperaceae) and notes on two other species 

Karen L. Wilson 


Abstract 

Wilson, Karen L. (National Herbarium of New South Wales, Royal Botanic Gardens, Sydney NSW 
2000, Australia) 1996. A new Australian species of Carex (Cyperaceae) and notes on two other 
species. Telopea 6(4): 569-577. A new species Carex klaphakei is described from the Central 
Tablelands region of New South Wales. Two other species that occur in this State but were 
not included in the Flora of New South Wales are C. raleighii (a native species) and C. buxbaumii 
(introduced from Europe). Descriptions in the 'Flora' format are given for these two species, 
and the 'Flora' key to species is amended to include the extra species. 


Dedication 

I am pleased to contribute to this publication in honour of Dr Lawrie Johnson. It is 
apposite for several reasons. Firstly, he was one of the instigators of our institution's 
recent four-volume 'Flora of New South Wales'. Secondly, he has had a long-standing 
interest (among his many others) in the family Cyperaceae. Thirdly, I have been 
privileged to work with him on various projects and to benefit from his extensive 
botanical knowledge, always generously given. 


Introduction 

When the treatment of Cyperaceae for the 'Flora of New South Wales' (Wilson 1993) 
was being prepared, a species of Carex that was either a new introduction or an 
undescribed species had to be omitted because only immature specimens were 
available. Since then, more material has been collected by Mr V. Klaphake that 
confirms this to be an undescribed native species. 

The opportunity is also taken here to provide descriptions for Carex buxbaumii 
Wahlenb. and C. raleighii Nelmes in the format of 'Flora of New South Wales'. Both 
species were found to occur in this State too late to be included in the Flora treatment, 
although C, raleighii was included in the key to species. An amended 'Flora' key is 
given, to accommodate the extra species. Terminology for ligule and utricle beak 
morphology follows Jermy/ Chafer & David (1982). 

Carex klaphakei K.L. Wilson, sp. nov. 

Inter speciebus Caricis australiensis, combinatione sequente characterum distinguitur: 
stylus 2-fidus; rhizoma longa; inflorescentia parva; utriculus grandis rostro longe 
acuminato, nervosis numerosis abaxialiter instructus. 

Type: New South Wales: Central Tablelands: Blackheath, V. Klaphake 663, 10 Jan 1993; 
holo NSW; iso MEL, P. Figure 1. 

Perennial herb; rhizomes long, firm but not strongly woody; shoots at 2-6 cm intervals 
along rhizomes. Culms erect, terete or oval, 45-160 cm long, to 1.2 mm diam., smooth 
or faintly scaberulous. Leaves with reduced, flat blades to 7 cm long, c. 1.5 mm wide; 
ligule white- to brown-membranous, rounded, c. 0.3 mm wide. Inflorescence 0.8-1.5 cm 
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long, composed of a single spike or up to 3 spikes forming a short cluster; lowest 1 or 
2 leafy involucral bracts shorter than the inflorescence or rarely slightly exceeding it, 
to c. 1.5 cm long. Spikes androgynous with upper male portion often half-hidden by 
the female portion, 6-10 mm long, 1-3 per inflorescence, few-flowered. Male bracts 
('glumes') c. 4 mm long, pale yellow-brown to pale red-brown, with apex acute and 
mucro c. 0.3 mm long; female bracts ('glumes') 3-4 mm long, pale yellow-brown to 
red-brown, with apex acute and mucro 0.5-1 mm long. Stamens 3; anthers c. 2 mm 
long excluding apical appendage c. 0.2 mm long. Utricles ovate in outline, plano¬ 
convex, thickened near base, strongly 8-10-nerved on abaxial surface, not or faintly 
few-nerved adaxially, exceeding the subtending bract, 5.5-7 mm long, 1.7-2 mm diam. 
in broadest part, green to yellow-brown, eventually grey-brown, shining when mature; 
beak long-tapering, more or less excurved eventually, slightly hispidulous on margins, 
with 2-fid or split apex. Style 2-fid. Nut narrow-elhptical to obovate in outline, with 
obuse apex, plano-convex, 2-2.5 mm long, 1.3-1.5 mm diam., pale brown. Figure 2. 

Distribution and habitat: Known from only three locations, near Blackheath (about 
1000 m altitude), Mt Werong (1200 m), and Penrose (about 600 m alt.), on the Central 
Tablelands of New South Wales. In all locations, it was growing mixed with other 
native sedges and rushes in undisturbed swamps on sandstone. 



Fig. 1. Holotype of Carex klaphakei. 
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Fig. 2. Utricle of Carex klaphakci: a, adaxial surface; b, abaxial surface. 


Conservation status: 3K; the species is not known from any national parks or reserves, 
but it is a very slender species and could well be overlooked because it grows mixed 
with other sedges and rushes such as Empodisma minus in swamps. 

Notes: The long rhizome, extremely long slender culms, short leaf-blades, small 
inflorescence, and large, tapering utricle are distinctive features amongst the 
Australian species of Carex. These features place C. klaphakei in Kukenthal's section 
Divisae (Kiikenthal 1909). There are no other members of that north-temperate section 
native to Australia, but C. divisa is introduced in Victoria and possibly in Tasmania 
(it is also naturalised in New Zealand (Healy & Edgar 1980: 157)). C. klaphakei is 
grossly similar to C. divisa but it differs from the latter in the following features: the 
inflorescence in the new species is more slender; the utricle is larger, more gradually 
tapered to the apex, and less shining (cf. Figure 2 and the illustration of the utricle 
of C. divisa in Wilson 1994: fig. 71 e); the rhizome is not as woody. C. klaphakei 
resembles another introduced species, C. disticha Hudson, in having a long rhizome 
but that species differs in having a bigger inflorescence with up to twenty spikes, 
the arrangement of sexes in the spikes being rather variable (see notes in Wilson 
1994: 350), and a narrowly winged utricle. 

In the 'Flora of New South Wales' treatment (Wilson 1993), this species can be 
slotted in as Carex species no. 20a, between C. tereticaulis F. Muell. and C. arenaria L. 
This does not reflect a close relationship to either of those species but rather its 
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placement in the arrangement of Australian species given by Nelmes (1944); this 
arrangement needs re-assessment in the light of more recent studies. 

Epithet: The species is named after Mr Van Klaphake, who has collected this and 
many other species of monocots in the Sydney region. 

Specimens seen: New South Wales: Central Tablelands: Rhododendron Gardens. Blackheath, 
Klaphake 373, Nov 1991 (NSW), 549, Mar 1992 (NSW, CHR, NY); Yarramundi Road, 1 km E of 
Mt Werong turn-off, Klaphake 1032, Apr 1994 (NSW, CANB); Hanging Rock Swamp, 4 km NW of 
Penrose railway station, Klaphake 805, Mar 1993 (NSW, K); Hanging Rock Swamp, Goddcn 211 & 
Wilson, Apr 1995 (NSW, GENT, L, MEL, US). 

Carex buxbaumii 

C. buxbaumii Wahlenb. subsp. buxbaumii is a European taxon that has become 
naturalised in a few localities in New South Wales, Victoria and Tasmania. In New 
South Wales, it was recently found for the first time, in the Cathedral Rock National 
Park between Ebor and Armidale. It can be slotted into the 'Flora of New South 
Wales' treatment as Carex species no. 11a, following C. broumii Tuckerman and 
preceding C. maculata Boott. This does not reflect a close relationship to either of 
those species but rather its placement in the arrangement of Australian species given 
by Nelmes (1944), where it was given under the name C. canescens L. However, that 
name applies to another species (native in Australia) that used to be called C. curia 
Gooden., as explained by Toivonen (1981) when he lectotypified C. canescens L. 

Only the type subspecies of C. buxbaumii has been introduced into Australia. Most 
Australian specimens have rather paler male and female bracts than European 
specimens but are otherwise similar. The utricle is illustrated in Wilson 1994: fig. 701. 

Rhizome short; shoots loosely tufted. Culms erect, triquetrous, smooth below, 
scabrous above, 25-70 cm long, c. 1.3 mm diam. Leaves shorter than or scarcely 
exceeding culms, 1.5-3 mm wide. Inflorescence erect, 4-10 cm long, with 2-5 spikes 
solitary at nodes; lowest involucral bract shorter than to exceeding inflorescence. 
Spikes sessile, ± contiguous, spreading slightly at maturity, 0.7-2.5 cm long; 
uppermost spike gynaecandrous; lower spikes female. Male and female bracts 
('glumes') acuminate to acute, often long-mucronate (mucro to 1.5 mm long), red- 
brown to dark red-brown with paler midrib; female bracts 3-6 mm long. Utricles 
ovoid to narrow-ellipsoid, nerveless or indistinctly nerved, 3.0-4.5 mm long, 
c. 2 mm diam., minutely papillose, pale green to brown; beak a minute notch to 
0.2 mm long. Style 3-fid. Nut obovate to elliptical in outline. 

Occasionally naturalised on swampy flats at higher altitudes; in N.S.W. in Cathedral 
Rock National Park. *NT; *Vic., *Tas.; native of Europe. 

Specimens seen: New South Wales: Northern Tablelands: c. 6 km W of Ebor-Armidalc road on 
road to Round Mountain, Cathedral Rock National Park, James 1383 & McCune, Nov 1992. 

Victoria: Snorvy plains between tlie Cabongra and Bogong Range Isic], Mueller, Dec 1854 (MEL 
226617); snowy wet plains between the Cabangra and Boyong Mountains [sic|, Mueller, — (K); 
Cobboras Mountains, Mueller, — (K); below Red Bank Plain on the upper Victoria River, 28 km 
NW of Omeo (direct), Scarlett 80-120, Mar 1980 (NSW ex LTB); Rocky Plain (approx. 15 km WNW 
of Suggan Buggan), Wakefield 3024, Jan 1949 (MEL). 

Tasmania: Western Mountains, 3500 ft [1070 m], Rodivay, Dec 1908 (K). 

Carex raleighii 

C. raleighii Nelmes is a slender native species, found at high altitude in New South 
Wales (only one record) and Victoria, and also in Tasmania. The opportunity is 
taken to provide a description of this species in the format of the 'Flora of New 
South Wales' (it was included in the published key). It can be slotted into that 
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treatment as Carex species no. 26a, following C. hebes Nelmes, the species to which 
it is probably most closely related. The utricle is illustrated in Wilson 1994: fig. 71k. 

Rhizome long; shoots loosely tufted. Culms slender, weak, terete to trigonous, smooth, 
25-40 cm long, 0.3-0.7 mm diam. Leaves shorter than to equalling culms, c. 1 mm 
wide. Inflorescence erect, 0.5-1 cm long, with 1^ spikes solitary at nodes; lowest 
involucral bract exceeding inflorescence. Spikes sessile, contiguous, spreading to 
erect at maturity, to c. 1 cm long; all spikes androgynous. Male and female bracts 
('glumes') acute, orange-brown with broad white to hyaline margins near apex; 
female bracts 3.5-4 mm long. Utricles 2.5-3.0 mm long, 1.0-1.4 mm diam., ovoid to 
ellipsoid, weakly several-nerved, slightly hispid on narrowly winged shoulders and 
beak, green to pale brown; beak 0.7-1 mm long, with apex split. Style 2-fid. Nut 
elliptical to obovate in outline. 

Scattered on high altitude swampy flats; only one depauperate specimen known 
from a subalpine flat in the Snowy Mountains in south-eastern N.S.W.; also in Vic. 
and Tas. 

Close to C. hebes, differing in having taller but more slender culms, with the 
inflorescence longer than broad and usually with fewer spikes, the spikes 
androgynous, and the utricles smaller with a longer, narrower beak. 

Selected specimens seen: New South Wales: Southern Tablelands: Head of Tumut River, Mueller 
1972, Feb 1954 (NSW). 

Victoria: Snowy Range, Pieman Creek Plain, c. 10 miles [16 km] SE of Mt Howitt, Beauglehole 41172 
& Chesterfield, Jan 1973 (MEL, NSW); west bank of Livingstone Creek near Shanahans, 23 km SW 
of Omeo (direct), Scarlett 80-117, Mar 1980 (NSW ex LTB); Native Dog Flat, close to the Buchan 
River, alt. 1200 m, Scarlett 80-118, Mar 1980 (NSW ex LTB); below Red Bank Plain on the upper 
Victoria River, 28 km NW of Omeo (direct), Scarlett 80-119, Mar 1980 (NSW ex LTB). 

Tasmania: Near Gormanston, flood plain of King Riv’er, Blake 18402, Jan 1949 (BRl, NSW); 
Carr Villa, Ben Lomond National Park, Wilson 6462, Feb 1986 (NSW); Arm River Track, between 
Douglas Creek crossing and Pelion Hut, Cradle Mountain-Lake St Clair National Park, Wilson 
8317, Mar 1992 (NSW, HO). 


Key to Carex species in 'Flora of New South Wales' 

Fitting the above species into the 'Flora' key to species necessitated several changes, 
so it was felt useful to present here a full, amended key to the species of Carex native 
or naturalised in New South Wales. 

1 Style 3-fid; nut trigonous 

2 Inflorescence of a single spike, less than 1.5 cm long 

3 Male part of the spike as long as or longer than the female part and not less 
conspicuous . 31. C. capillacea 

3* Male part of the spike from slightly to much shorter than the female part, 
always inconspicuous and usually the spike appears to be wholly female 

4 Spike 7-12 mm long, with many female flowers; lowest bract glume-like 
. 29. C. cephalotes 

4“^ Spike 4-5 mm long, with about 3-6 female flowers; lowest bract leaf-like, 
exceeding the spike . 30. C. archeri 

2* Spikes several to numerous; inflorescence 3-90 (rarely 1-3) cm long 

5 Spikes in clusters of 2-5 (or occasionally some solitary) at distant nodes 
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6 Female glumes white with greenish midrib, 1.2-1.5 mm wide . 

. 1. C. hubbardii 

6* Female glumes pale yellow-brown to red-brown with greenish midrib, 
1.5-4 mm wide 

7 Female glumes yellow-brown to red-brown, 3.5-5.5 mm long, 1.5-2 mm 
wide; spikes lax-flowered below, rather dense-flowered above, 3-5 mm 
thick in mature fruiting stage, upper gynaecandrous (sometimes with 
male apices), the uppermost with a long, usually very long, male basal 
part, the lower gynaecandrous or female . 2. C. longebrachiala 

7* Female glumes pale yellow-brown, 4-8 mm long, 2.5-4 mm wide; spikes 
dense-flowered, 5-8 mm thick in mature fruiting stage, the uppermost 
1-4 wholly male, rarely with a few female flowers in the terminal spike, 

the remainder wholly female or with male bases and/or apices . 

. 3. C. iynx 

5* Spikes solitary at nodes (nodes may be close together) 

8 Utricles hispid; nut with persistent enlarged disk-like junction of nut body 
and style-base . 5. C. breviculmis 

8* Utricles glabrous, except sometimes on the margins of the beak; nut without 
enlarged junction with style-base 

9 Utricles corky, with impressed nerves 

10 Culms extending above the leaf-sheaths for a considerable distance; 
male spikes 3-15; female spikes mostly spread at some distance from 
one another; female glumes mucronate, dark to very dark red-brown; 
utricles 4-5 mm long, yellow-brown usually tinged dark red-brown; 

leaves with marginal prickles ± regularly antrorse . 

... 6. C. bichenoviana 

10*Culms usually hidden in the leaf-sheaths; male spikes 1-4; female 
spikes usually approximate; female glumes not mucronate, yellow- 
brown to red-brown; utricles 4-8 mm long, yellow-brown 
occasionally tinged dark red-brown; leaves with marginal prickles 
irregular and at 90° to leaf . 7. C. pumila 

9* Utricles neither corky nor with impressed nerves 

11 Leaves prominently septate-nodulose (septa less obvious when 

fresh); beak of utricle with apex deeply divided into 2 stiff slender 
teeth c. 1 mm long . 8. C. fascicularis 

11* Leaves not septate-nodulose; beak of utricle with apex truncate, 
split or shortly divided into 2 membranous, short but broad teeth 

12 Male glumes with a mucro as long as or longer than the . 

. 11. C. brownii 

12*Male glumes not mucronate or with mucro shorter than the 
body of the glume; utricles glabrous, minutely papillose or 
minutely hispid on margins and beak 

13 Utricles minutely papillose, with beak to 0.3 mm long; leaf- 
sheath and ligule occasionally red-dotted; culms 10-70 cm long 
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14 Terminal spike gynaecandrous; leaves shorter than or 
scarcely exceeding culms; utricles not or faintly nerved, 

3- 4.5 mm long . 11a. C. buxbaumii 

14* Terminal spike male or at least male in the uppermost 
portion; leaves much exceeding culms; utricles strongly 
numerous-nerved, 2.3-3 mm long . 12. C. maculata 

13* Utricles not minutely papillose, with beak 0.5-2 mm long; 
leaf-sheath and Hgule not red-dotted; culms 1-10 cm long 

15 Inflorescence 1-3 cm long, hidden amongst leaves; utricles 

4- 6.5 mm long, glabrous, with beak 1-2 mm long . 

. 9. C. jackiana 

15* Inflorescence 8-35 cm long, mostly exceeding leaves (lowest 
spikes may be amongst the leaves); utricles 3.3-4 mm long, 
minutely hispid on upper margins (occasionally glabrous), 
with beak 0.5-0.8 mm long . 10. C. blakei 

1* Style 2-fid (rarely some styles 3-fid within an inflorescence in C. gaudidiaudiana); 
nut lenticular or plano-convex 

16 Inflorescence of a single spike 

17 Plants long-rhizomatous; female bracts 3-4 mm long; utricles slightly 
hispidulous on upper margins 

18 Female flowers above male in spike; utricles 2.5-3 mm long, weakly several- 


ner\'ed; culms 25-40 cm long . 26a. C. raleighii 

18* Male flowers above female in spike; utricles 5.5-7 mm long, with 8-10 
strong nerves abaxially; culms 80-130 cm long . 20a.C. klaphakei 


17* Plants short-rhizomatous; female bracts 2.5-3 mm long; utricle glabrous . 

. 29. C. cephalotes 

16* Spikes 2-numerous 

19 Spikes long-cylindrical (i.e. much longer than broad), mostly 2-17 cm long 
(rarely some as short as 0.5 cm but then glumes dark red-brown or blackish), 
clearly distinct and often distant from each other 

20 At least lower spikes obviously pedicellate, drooping to spreading 

21 Utricle white-hispid, with beak c. 1 mm long with 2-fid or split apex; 

spikes clustered at nodes or rarely solitary at lower nodes . 

. 4. C. brunnea 

21* Utricle minutely papillose; beak to 0.3 mm long with truncate or obliquely 
truncate apex; spikes solitary at nodes . 13. C. lobolepis 

20* Spikes sessile to subsessile ('pedicels' may be up to 1 cm long in C. polyantha), 

erect to spreading 

22 Leaves 4-9 mm wide; spikes mostly 3-17 cm long; utricles nerveless or 

with few rather faint nerves . 14. C. polyantha 

22* Leaves 2-4 mm wide; spikes 0.5-6 cm long; utricles distinctly several- 
to numerous-nerved 
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23 Uppermost spike male; inflorescence 7-18 cm long; mouth of utricle 
notched to obliquely truncate, pallid, occasionally minutely hispid, 
0.2-0.3 mm diam . 15. C. gaudichaudiana 

23* Uppermost spike gynandrous or occasionally male; inflorescence 
2-^ cm long; mouth of utricle truncate, blackish, smooth, c. 0.15 mm 
diam . 16. C. hypandra 

19* Spikes ovoid or short-cylindrical (mostly c. 0.5 cm long, occasionally to 1.5 cm 
long) or ovate in outline, often densely clustered in an inflorescence that is 
itself ovoid or short-cylindrical 

24 All spikes androgynous (male portion often not conspicuous), or upper 
male and lower androgynous or occasionally female 

25 Leaves curly towards apex . 21. *C. arenaria 

25* Leaves ± straight 

26 Spikes very numerous, forming a long narrow spike-like panicle 
6-30 cm long, with appressed secondary branches to 4 cm long; 
leaves often obviously septate-nodulose; culms 2-4 mm diam. 

27 Utricle glabrous, margins not winged . 17. C. declinata 

27*Utricle hispid on slightly winged margins at least near apex. 

28 Culms trigonous to triquetrous at least above; glumes 
uniformly whitish, or yellow-brown without or with very 
narrow whitish or hyaline margins above 

29 Utricle with thickened truncate base, dark yellow-brown 
at maturity; inflorescence often > 12 cm long (4-45 cm); 
plants forming large tussocks . 18. C. appressa 

29* Utricle without thickened truncate base, blackish at 
maturity; inflorescence 3-12 cm long; culms in slender tufts 
spread along long rhizome . 19. C. incomitata 

28* Culms terete; female glumes orange-brown with broad white 
or hyaline margins above . 20. C. tereticaulis 

26* Spikes 2-12 in an inflorescence, forming a short clustered panicle 
0.8-3 cm long, without secondary branches; leaves not septate- 
nodulose; culms to 1.5 mm diam. 

30 Spikes 4-12; utricles 3-4 mm long, with narrow stipe-like base, 
faces nerveless or with a few faint nerves; male and female 
bracts acuminate to acute but not or scarcely mucronate, with 
hyaline or white margins 0.2-0.3 mm wide; culms 8-35 cm long 
. 22. C. chlorantha 

30* Spikes 2 or 3; utricles 5.5-7 mm long, with obtuse base, 
abaxial face with 8-10 strong nerves; male and female bracts 
acute, mucronate, with margins not or scarcely hyaline; culms 
80-160 cm long . 20a. C. klaphakei 

24* All spikes gynaecandrous (male portion often not conspicuous) or lower 
wholly female 

31 Lowest involucral bract much shorter than inflorescence, glume-like or 
leaf-like 
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32 Utricle winged on upper margins . 23. *C. ovalis 

32* Utricle not winged on margin 


33 Utricles strongly reflexed at maturity, with smooth surface; beak 
about as long as the body of the utricle, 2-fid or notched with 
teeth 0.25-0.5 mm long . 23. C. echinata 

33* Utricles spreading at maturity, minutely hispid and colliculate 
near apex; beak much shorter than the body of the utricle, 
truncate or shortly split abaxially . 24. C. canescens 

31*Lowest involucral bract exceeding (usually by far) the whole 
inflorescence, leaf-like. 

34 Glumes orange-brown or pale red-brown, with ± broad whitish or 
hyaline margins; utricles never transversely wrinkled 

35 Inflorescence longer in outline than wide; culms 25-40 cm long; 
leaves c. 1 mm wide; utricles 2.5-3 mm long, 1-1.4 mm diam 
. 26a. C. raleighii 

35* Inflorescence broader in outline than long (or about the same 
length and breadth); culms 4-20(-35) cm long; leaves 1-2.5 mm 

wide; utricles 3.2-4.5 mm long, 1.5-2 mm diam .. 

. 26. C. hebes 

34* Glumes whitish to pale yellow-brown with green midrib; utricles 
often transversely wrinkled at maturity 


36 Utricle with beak 0.3-1.1 mm long . 27. C. inversa 

36* Utricle with beak c. 2 mm long . 28. C. lophocarpa 
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Austrostipa, a new genus, and new names 
for Australasian species formerly included 
in Stipa (Gramineae) 


S.W.L. Jacobs and J. Everett 


Abstract 

Jacobs, S.W.L., and Everett, J. (Royal Botanic Gardens, Sydney, Australia, 2000) 1996. Austrostipa, a neiv 
genus, and new names for species in Australasia fonnerly included in Stipa (Gramineae). Telopea 6(4): 
579-595. The genus Austrostipa is described to include all of the native Australian species formerly 
included in Stipa, all relevant new combinations are provided, and a new species, Austrostipa 
geoffreyi, is described. Austrostipa is divided into 13 subgenera. Tlie generic placements of the 
species introduced to Australia in either Nassella or Achnatherum are confirmed, new combinations 
are provided for the New Zealand Achnatherum petriei and the introduced Achnatherum 
caudatum, and the genus Ancmanthele is retained. Keys are provided to genera of the Stipeae and 
to the subgenera of Austrostipa. 


Introduction 

The tribe Stipeae has been defined in several ways (Clifford & Watson 1977, Clayton 
& Renvoize 1986) relying on anatomical, micromorphological and floral characters. 
The shared derived character that so far best defines the tribe is the Stipoid embryo, 
a modified Pooid embryo that is small relative to the endosperm, has (i) the scutellum 
and embryonic leaf traces diverging from the same point with no internode, (ii) an 
epiblast, (iii) the scutellum and coleorrhiza fused, (iv) the embryonic leaf margins 
not overlapping, and (v) the primary root bent at a sharp angle from the main axis 
of the embryo (Reeder 1957). Correlated with this, but not exclusive to the Stipeae, 
are single-flowered spikelets, disarticulation above the glumes, and absence of a 
rhachilla extension. Current work on rDNA (ITS) in the Stipeae is confirming that 
the tribe is monophyletic (Hsiao et al. 1995, Hsiao pers. comm.). 

We (Vickery et al. 1986, Jacobs et al. 1989) suggested that 61 endemic Australian, one 
endemic New Zealand and five introduced species were congeneric with Stipa L. but 
that a broader study would be needed to clarify the relationships. To date we recognise 
one species of Ancmanthele endemic to New Zealand, one introduced species of 
Nassella (N. trichotoma) and one introduced species of Piptatherurn (P. niiliaceum) (Jacobs 
& Everett 1993). 

Since our statements on the generic relationships Barkworth & Everett (1987), Everett 
(1990) and Barkworth (1990, 1993) have presented results from cladistic analyses of 
the species and genera of the tribe. Hsiao (pers. comm.) and Hsiao et al. (1995) have 
also been analysing nuclear rDNA (ITS) sequences. As a result of the earlier studies 
Barkworth (1990) made 68 new combinations in Nassella, and (Barkworth 1993) 36 
new combinations and one new species in Achnatherum, and five new combinations 
in Hesperostipa. Barkworth (1993) recognised nine genera in the 'core' or traditional 
part of the tribe Stipeae, Achnatherum, Piptatherurn, Oryzopsis, Ptilagrostis, Piptochaetium, 
Nassella, Hesperostipa, Stipa and Ancmanthele. She also acknowledged that the 
Australian species may not fit into any of these genera. 
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Everett (1990) analysed 30 morphological and anatomical characters from 37 taxa. The 
results are summarised in Fig. 1 being the strict consensus tree from PAUP 2.4 (Swofford 
1985). Tlie taxa are: Achmthenmi, 'Boreobtusae' and 'Obtusae' (Barkworth & Everett 1987), 
Nassella, Oryzopsis, Piptalherum sections Piptatlierum, Miliacea (included with Piptatherum 
in Fig. 1) and Virescentia, Piptochaetium, Ptilagrostis, Hespewstipa, Stipa s.s., Stipa sections 
Podopogon (included in Piptochaetium in Fig. 1) and Stephanostipa (mcluded in Nassella 
in Fig. 1), and 23 groups obtained from an analysis of Australian taxa (Everett 1990). 
Nardus and ]oinvillea were used as outgroups. The 23 Australian groups were obtained by 
grouping the species into minimum unequivocal monophyletic units. This confirmed that 
the Australian species represented a monophyletic group (Austrostipa in Fig. 1), a sister 
group to Achnathenim and Ptilagrostis (Fig. 1), supporting a similar more tentative conclusion 
reached by Barkworth and Everett (1987). The rDNA study so far is mdicating that the 
Australian species are more closely related to Nassella than to Achnathenim (Hsiao pers. 
comm.). If segregate genera are to be recognised then it is evident that the Australian 
species can no longer remain in Stipa s.s. Given that there is some conflict as to the closest 
relatives of the Australian species, and that all studies to date indicate that they are all 
more closely related to each other than any are to any non-Australian species, the best 
option is to place them in a new genus, here described as Austrostipa. 

- AUSTROSTIPA 

-PTILAGROSTIS 

- - ACHNATHERUM 

- - BOREOBTUSAE 

- sect. VIRESCENTIA 

- STIPA 

- - - HESPEROSTIPA 


PIPTOCHAETIUM 


NASSELLA 


ORYZOPSIS 

OBTUSAE 

PIPTATHERUM 

JOINVILLEA 


Fig. 1. A dadogram indicating relationships in the Stipeae, based on morphological and anatomical 
data, simplified (several groups removed) and redrawn from the consensus tree in Everett (1990). 
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Key to genera (modified after Barkworth 1993). 


1 Stamen 1; hilum elliptic; lemma nerves 3 . Anemanthele 

1* Stamens 3; hilum linear; lemma nerves 3 or more . 2 


2 Palea longitudinally grooved, longer than the lemma and protruding from between 
the lemma margins at the lemma apex; lemma marguis involute, fitting into the 
paleal groove; lemma epidermis with very long fundamental cells with thickened 
sidewalls such that the surface appears longitudinally finely ridged; silica cells absent 
from lemma epidermis . Piptochaetium 

2 Palea flat, shorter than or equalling the lemma, lemma margins flat, rarely palea 

grooved and then lemma margins involute, but then palea scarcely protruding at the 
lemma apex (two native Australian spp.); lemma surface smooth or tuberculate, not 
longitudinally ridged; lemma epidermal silica cells present or absent ... 3 

3 Silica bodies in lemma epidermis square or rectangular ... Stipa s.s. 

3* SiUca bodies in lemma epidermis round, oval or absent . 4 

4 Palea < 30% lemma length; lemma heavily silicified, tough, margins tightly 

overlapping; fundamental cells of lemma epidermis very short, much shorter than 
wide . Nassella 

4* Palea usually > 30% lemma length, rarely shorter; lemma membranous, leathery or 
sometimes tough, the margins open, loosely or more or less tightly overlapping; 
fundamental cells of lemma epidermis usually much longer than wide .. 5 

5 Palea coriaceous, not indurate; lemma pale, the margins scarcely enclosing the palea; 
floret terete or slightly dorsally compressed; callus very short and blunt; awn weak 
. 6 

5* Palea indurate; lemma pale or dark; lemma margins enclosing the palea; callus often 
pungent; awn robust . 9 

6 Leaf blades filiform, < 0.5 mm wide; plants of boggy alpine and subalpine habitats 
. Ptilagrostis 

6* Leaf blades not filiform, usually > 0.5 mm wide; plants of various habitats . 7 

7 Palea pubescent, shorter than or equal to the lemma but not prow-bpped . 

. Achnatherum 

7* Palea glabrous, prow-tipped, as long as the lemma . 8 

8 Florets dorsally compressed; lemma margins not overlapping, the palea exposed, 

at least in part . Piptalherum 

8* Florets terete or laterally compressed; lemma margins often overlapping, concealing 
the palea . Oryzopsis 

9 Lemma white, yellow, brown, red-brown, purple or black at maturity, often with 

brownish hairs; florets 2—12 mm long; awn 1.4—20 cm long; lemma epidermis always 
with round to oval silica bodies . Austrostipa 

9* Lemma white or cream-coloured, with sparse white hairs; florets > 7.5 mm long; 
awn > 8 cm long; lemma epidermis without silica bodies . Hesperostipa 


As well as the 62 Australian species of Austrostipa (including one new species described 
here) there are (Jacobs et al. 1995) three species ot Achnatherum (one new combination 
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provided below) introduced to Australia, five species of Nassella, and one species of 
Piptochaetiiun (P. montevidense) recorded from Victoria (Walsh 1994). After further 
examination there is still justification for maintaining Anemanthele, the stamen number 
of one (three in the rest of the tribe) reinforcing the other characters listed by Barkworth 
& Everett (1987). Anemanthele is more closely related to Achnatherum than to Austrostipa. 
Stipa petriei from New Zealand has the diagnostic characters of Achnatherum and is 
here included in that genus (new combination provided below). 

Achnatherum 

Achnatherum P. Beauvois (1812: 146). 

LECTOTYPE (Niles and Chase 1925): Achnatherum calamagrostis (L.) P. Beauvois. 

Achnatherum brachpchaetum (Godr.) Barkworth (1993: 6). 

Achnatherum caudatum (Trin.) S.W.L. Jacobs & J. Everett, comb. nov. 

Basionym: Stipa caudata Trinius, Mem. Acad. Imp.Sci.— St Petersbourg Ser. 6, Sci. 
Math 1: 75 (1830); Vickery, Jacobs & Everett (1986: 38-39). 

Achnatherum papposum (Nees) Barkworth (1993:11). 

Although currently included in Achnatherum, there is some doubt as to whether this 
and related species best belong here. 

Achnatherum petriei (Buchanan) S.W.L. Jacobs & J. Everett, comb. nov. 

Basionym: Stipa petriei Buchanan, Indigenous Grasses N.Z. t. 17: 2 (1880); Jacobs 
et al. (1989). 


Austrostipa 

Vickery et al. (1986) recognised 10 informal groups in what is here described as 
Austrostipa, with a few species belonging to more than one group. Although Everett 
(1990) produced 23 unequivocal monophyletic groups, these can be rationalised to 
13 groups (Fig. 2). Although some of these groups are not well supported by Everett's 
cladistic analyses, this is mainly because of poor resolution in parts of the cladogram. 
The cladogram produces a strong congruence with the groups suggested by Vickery 
et al. (1986), with some groups in that publication split (groups D, H and 1), some 
fully supported (e.g. subgenera Tuberculatae and Petaurista of this paper, equivalent 
to groups K and C in Vickery et al. 1986) and others at least not contradicted if not 
supported (e.g. subgenera Austrostipa, Lobatae and Falcatae of this paper, equivalent 
to groups J, G and L in Vickery et al. 1986). We have recognised as subgenera our 
informal groups (Vickery et al. 1986) except where the cladograms (Everett 1990) 
supported such groups being split. The groups now split include subg. Bambusina 
being separated from what is here described as subg. Arbuscula (both previously 
group D), subg. Eremophilae being separated from what is here described as subg. 
Lancea (both previously group 1), and subg. Aulax being separated from what is here 
described as subg. Ceres (both previously group H). 

The 13 groups we recognise in Austrostipa are here formally described as subgenera. 

Austrostipa S.W.L. Jacobs & J. Everett, gen. nov. Ex affinitate Achnatheri sed flosculis 
maturis fuscioribus tenacioribusque, marginis lemmatum plerumque imbricatis, callo 
grandiore, differt. 

Caespitose or spreading, often rhizomatous facultative perennials. Leaves and 
branches either basal or cauline, sometimes forming intricate shrubby growth. 
Spikelets superficially all alike, 1-flowered, with the rhachilla not produced beyond 
the floret, hermaphrodite. Glumes persistent, hyaline to chartaceous, narrow, more 
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or less keeled, often acute or acuminate, rarely muticous or mucronate, l-5(-7)- 
nerved, equal or unequal, usually longer than the floret (excluding awn). Floret 
disarticulating above the glumes, several times longer than wide, cylindrical, fusiform, 
pyriform or turbinate, rarely slightly gibbous, with a long, oblique, bearded, usually 
pungent-pointed (or rarely short and obtuse) callus. Lemma coriaceous, indurated, 
with convolute (or rarely involute) margins usually enclosing the palea and flower, 
3—5(—7)-nerved, tapering at the tip and sometimes, though often only minutely, 1- or 
2-Iobed, awned from the tip or between the lobes. Awn flexuose or once or twice 
geniculate, with a twisted column (when mature) and a straight or curved bristle, 
variously glabrous to plumose. Palea membranous, hyaline or somewhat indurated, 
nerveless or 2-nerved, subequal to or shorter than the lemma. Lodicules 3 or 2, 
membranous, glabrous, lanceolate to spathulate, non-vascular. Stamens 3, frequently 
penicillate. Ovary glabrous; styles 2, free; stigmas plumose, tips exserted. Caryopsis 


- FALCATAE 

- AUSTROSTIPA 

- LOBATAE 

- LANCEA 

- LONGIARISTATAE 

- LANTERNA 

- AULAX 

- ARBUSCULA 

- CERES 

- EREMOPHILAE 

- TUBERCULATAE 

- PETAURISTA 

-—— BAMBUSINA 

-JOINVILLEA 

Fig. 2. Relationships of the subgenera of Austrostipa, based on a consensus cladogram from 
Everett (1990) but manually redrawn with some extra characters interpolated, some corrections 
to character scoring, and some simplification. Joinvillea is the outgroup. 
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fusiform-terete, tightly enclosed by the lemma and palea; the embryo about 20-35% 
the length of the grain; the hilum linear, nearly as long as the grain. 

Type species: Austrostipa mollis (R. Br.) S.W.L. Jacobs & J. Everett. 

Austrostipa is closest to Achnatherum (Barkworth and Everett 1986; Everett 1990; 
Barkworth 1993) but differs from that genus in having the mature florets generally 
darker and tougher in texture, the lemma margins overlapping, and the callus longer, 
tougher and usually more pungent. Not all species of Austrostipa have all of these 
characteristics, but any one species has most of them. Austrostipa has very variable 
lemma epidermal characteristics. 

Stipa s. str. is characterised by large (often > 1 cm long) chartaceous spikelets with a 
long (frequently >10 cm long) plumose terminal awn and a comparatively short 
callus, and lemma epidermal silica bodies square, rectangular or, rarely, oval. 

Austrostipa acrociliata (Reader) S.W.L. Jacobs & J. Everett, comb. nov. 

Basionym: Stipa acrociliata Reader, Victorian Naturalist 13:167 (1897); Vickery, Jacobs 
& Everett (1986: 25). 

Austrostipa aphylla (Rodway) S.W.L. Jacobs & J. Everett, comb. nov. 

Basionym: Stipa pubescens var. aphylla Rodway, Tasmanian EL: 262 (1903). 

Stipa aphylla (Rodway) Townrow (1970: 85); Vickery, Jacobs & Everett (1986: 26-27). 

Austrostipa aquarii (Vickery, S.W.L. Jacobs & J. Everett) S.W.L. Jacobs & J. Everett, 
comb. nov. 

Basionym: Stipa aquarii Vickery, S.W.L. Jacobs & J. Everett, Telopea 3: 27-28 (1986). 

Austrostipa aristiglumis (F. Muell.) S.W.L. Jacobs & J. Everett, comb. nov. 

Basionym: Stipa aristiglumis F. Mueller, Trans. & Proc. Victorian Inst. Advancem. Sci.: 
43 (1855); Vickery, Jacobs & Everett (1986: 28-29). 

Austrostipa bigeniculata (Hughes) S.W.L. Jacobs & J. Everett, comb. nov. 

Basionym: Stipa bigeniculata Hughes, Kew Bull. 1922: 20 (1922); Vickery, Jacobs & 
Everett (1986: 30-31). 

Austrostipa blackii (C.E. Hubb.) S.W.L. Jacobs & J. Everett, comb. nov. 

Basionym: Stipa blackii C.E. Hubbard, Kew Bull. 1925: 431 (1925); Vickery, Jacobs & 
Everett (1986: 32-33). 

Austrostipa blakei (Vickery, S.W.L. Jacobs & J. Everett) S.W.L. Jacobs & J. Everett, 

comb. nov. 

Basionym: Stipa blakei Vickery, S.W.L. Jacobs & J. Everett, Telopea 3: 34-35 (1986). 

Austrostipa breviglumis (J.M. Black) S.W.L. Jacobs & J. Everett, comb. nov. 
Basionym: Stipa breviglumis J.M. Black, Trans. & Proc. Roy. Soc. S. Austral. 65: 33 
(1941); Vickery, Jacobs & Everett (1986: 35-36). 

Austrostipa campylachne (Nees) S.W.L. Jacobs& J. Everett, comb. nov. 

Basionym: Stipa campylachne Nees in Lehmann, PI. Preiss. 2: 99 (1846); Vickery, Jacobs 
& Everett (1986: 36-37). 

Austrostipa centralis (Vickery, S.W.L. Jacobs & J. Everett) S.W.L. Jacobs & J. Everett, 

comb. nov. 

Basionym: Stipa centralis Vickery, S.W.L. Jacobs & J. Everett, Telopea 3: 39-40 (1986). 

Austrostipa compressa (R. Br.) S.W.L. Jacobs & J. Everett, comb. nov. 

Basionym: Stipa compressa R. Brown, Prodr.: 175 (1810); Vickery, Jacobs & Everett 
(1986: 40^1). 
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Austrostipa crinita (Gnudich.) S.W.L. Jacobs & J. Everett, comb. nov. 

Basionym: Stipa crinita Gaudichaud in Freycinet, Voy. Uranie Bot.: 407 (1830); Vickery, 
Jacobs & Everett (1986: 41-42). 

Austrostipa curticoma (Vickery) S.W.L. Jacobs & J. Everett, comb. nov. 

Basionym: Stipa curticoma Vickery, Telopea 2: 11 (1980); Vickery, Jacobs & Everett 
(1986: 42-43). 

Austrostipa densiflora (Hughes) S.W.L. Jacobs & J. Everett, comb. nov. 

Basionym: Stipa densiflora Hughes, Kew Bull. 1921: 18 (1921); Vickery, Jacobs & 
Everett (1986: 44-45). 

Austrostipa dongicola (Vickery, S.W.L. Jacobs & J. Everett) S.W.L. Jacobs & J. Everett, 

comb. nov. 

Basionym: Stipa dongicola Vickery, S.W.L. Jacobs & J. Everett, Telopea 3: 46 (1986). 

Austrostipa drummondii (Steud.) S.W.L. Jacobs & J. Everett, comb. nov. 

Basionym: Stipm drummondii Steudel, Syn. PI. Glum. 1: 128 (1854); Vickery, Jacobs & 
Everett (1986: 47^8). 

Austrostipa echinata (Vickery, S.W.L. Jacobs & J. Everett) S.W.L. Jacobs & J. Everett, 

comb. nov. 

Basionym: Stipa echinata Vickery, S.W.L. Jacobs &i J. Everett, Telopea 3: 50 (1986). 

Austrostipa elegantissima (Labill.) S.W.L. Jacobs & J. Everett, comb. nov. 

Basionym: Stipa elegantissima Labillardiare, Nov. Holl. PI. 1: 23 (1804); Vickery, Jacobs 
& Everett (1986: 51-53). 

Austrostipa eremophila (Reader) S.W.L. Jacobs & J. Everett, comb. nov. 

Basionym: Stipa eremophila Reader, Victorian Naturalist 17:154 (1901); Vickery, Jacobs 
& Everett (1986: 53-55). 

Austrostipa exilis (Vickery) S.W.L. Jacobs & J. Everett, comb. nov. 

Basionym: Stipa exilis Vickery, Telopea 2: 13 (1980); Vickery, Jacobs & Everett (1986: 
56-57). 

Austrostipa feresetacea (Vickery, S.W.L. Jacobs & J. Everett) S.W.L. Jacobs & J. Everett, 

comb. nov. _^ 

Basionym: Stipa feresetacea Vickery, S.W.L. Jacobs & J. Everett, Telopea 3: 58 (1986). 

Austrostipa flavescens (Labill.) S.W.L. Jacobs & J. Everett, comb. nov. 

Basionym: Stipa flavescens Labillardiare, Nov. Holl. PI. 1: 24, pi. 30 (1804); Vickery, 
Jacobs & Everett (1986: 59-61). 

Austrostipa geoffreyi S.W.L. Jacobs & J. Everett, sp. nov. A. juncifoliae affinis, sed 
habitu valde robustiore, vaginis folii latioribus, foliis longioribus, inflorescentia - 
densiore, arista ad 7 cm longa, omnibus partibus floralibus grandioribus, differt. 
Holotype: Western Australia: Lake King, 33°05"26'S 119°33"37'E, S.W.L. Jacobs 7030, 
2.12.1993. Gypsaceous islands connected by causeway. Islands with samphires and 
Frankenia. (NSW 293105; duplicate PERTH). 

Caespitose perennial to 1.8 metres tall, with short rhizomes, without a basal tuft of 
leaves. Culms erect, terete, 2—4 mm wide near the base, + compressible, ribbed about 
the nodes, glabrous; nodes c. 3, exserted, to twice the width of adjacent internodes. 
Leaf sheaths loose, moderately ribbed; basal sheath 8-14 mm wide, shortly puberulous 
with hairs < 0.3 mm long between the ribs; upper sheath 5-10 mm wide, shortly 
puberulous between the ribs; margins glabrous. Ligule membranous, acute, 6-12 
mm long, shortly puberulous with hairs < 0.1 mm long. Leaf blade rolled, 1-2 mm 
in diameter, to 1 metre long; abaxial surface smooth and glabrous; adaxial surface 
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densely scaberulous with minute siliceous prickles; margins glabrous. Panicle 30-40 
cm long, exserted, with fascicles of unequal, few-flowered compound branches, barely 
spreading, 3-5 cm wide (excluding awns); axis terete, glabrous; branches to 12 cm 
long, slightly flattened, the lower 1-2 cm shortly puberulous on the adaxial surface; 
pedicels 3-13 mm long, terete, glabrous. Spikelets 10-16 mm long (excluding awn). 
Glumes subequal, acute to acuminate, straw-coloured; lower glume 12-15 mm long, 
lower 50% 3-nerved; upper glume 12-16 mm long, lower 60% 3-nerved. Floret 
cylindrical, without a neck, 9-12 mm long (including callus). Lemma smooth, 
sericeous with white hairs 1-1.5 mm long; lobes 2.5 mm long; coma 3 mm long. 
Callus 2-3 mm long, weakly bent at the tip; sericeous with white hairs 0.75 mm 
long. Awn 5-8 cm long, twice bent, 0.25-0.3 mm wide near the base; column 10-20 
mm long, 5-10 mm to the first bend, scabrous with hairs 0.1-0.2 mm long; bristle 
darker than the column, scabrous with hairs 0.1-0.15 mm long. Palea equal to the 
lemma, 3(-4)-toothed, slightly depressed between the nerves, surface smooth, 
sericeous along the centre back with hairs 0.5-1.5 mm long, margins glabrous. 
Lodicules 2, abaxial, membranous, obtuse, 1-2 mm long. Anthers not seen. Immature 
caryopsis 6 mm long, hilum 75% the length, embryo 50% the length. 

Similar to Stipa jimcifolia but differs in being considerably more robust with wider 
sheaths, longer leaves, a denser inflorescence, an awn to 7 cm long, and larger in its 
floral parts. 

This species is named after Geoffrey Thomas Jacobs, son of SWLJ, who has helped 
on many field trips and was present when the Type was collected. 

Distribution: Only known from the islands of, and the causeway across. Lake King, 
a salt lake in southern Western Australia. 

Specimens examined: Western Australia: Roe: Lake King, George 10466, 11.11.1970 
(PERTH, NSW); Jacobs 5854 & P. Wilson, 11.6.1988 (NSW, UTC). 

Vickery et al. (1986) noted that a specimen ol Austrostipa juncifolia (as Stipa juncifolia) 
from Lake King was considerably more robust than others of the same species even 
from the same locality. We have since been able to study both taxa in the field and 
under cultivation. At Lake King, Austrostipa jiiucifolia grows around the lake behind 
the highest strand line; the more robust Austrostipa geojfreyi grows on the islands and 
along the causeway across the lake — they do not appear to grow as mixed populations. 
Under cultivation, all of the observed distinctions between the two taxa are 
maintained, with the additional observation that A. geoffreyi is much more difficult 
to maintain in cultivation than A. juncifolia. After collecting more material and 
examining the taxa in the field and under cultivation we consider that A. geoffreyi 
warrants recognition at the species level. 

Austrostipa gibbosa (Vickery) S.W.L. Jacobs & J. Everett, comb. nov. 

Basionym: Stipa gibbosa Vickery, Telopea 2:14 (1980); Vickery, Jacobs & Everett (1986: 
62-63). 

Austrostipa hemipogon (Benth.) S.W.L, Jacobs & J. Everett, comb. nov. 

Basionym: Stipa hemipogon Bentham, FI. Austral. 7: 569 (1878); Vickery, Jacobs & 
Everett (1986: 63-65). 

Austrostipa juncifolia (Hughes) S.W.L. Jacobs & J. Everett, comb. nov. 

Basionym: Stipa juncifolia Hughes, Kew Bull. 1921:11 (1921); Vickery, Jacobs & Everett 
(1986: 66-67). 

Austrostipa lanata (Vickery, S.W.L. Jacobs & J. Everett) S.W.L. Jacobs & J. Everett, 

comb. nov. 

Basionym: Stipa lanata Vickery, S.W.L. Jacobs & J. Everett, Telopea 3: 68-69 (1986). 
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Austrostipa macalpinei (Reader) S.W.L. Jacobs & J. Everett, comb. nov. 

Basionym: Stipa macalpinei Reader, Victorian Naturalist 15:143 (1899); Vickery, Jacobs 
& Everett (1986: 70-71). 

Austrostipa metatoris (J. Everett & S.W.L. Jacobs) S.W.L. Jacobs & J. Everett, comb. nov. 
Basionym: Stipa metatoris j. Everett & S.W.L. Jacobs, Telopea 2: 399 (1983); Vickery, 
Jacobs & Everett (1986: 73-74). 

Austrostipa mollis (R. Br.) S.W.L. Jacobs & J. Everett, comb. nov. 

Basionym: Stipa mollis R. Brown, Prodr.: 174 (1810); Vickery, Jacobs & Everett 
(1986: 74-75). 

Austrostipa muelleri (Tate) S.W.L. Jacobs & J. Everett, comb. nov. 

Basionym: Stipa muelleri Tate, Trans. & Proc. Roy. Soc. South Austr. 7: 70 (1885); 
Vickery, Jacobs & Everett (1986: 77-78). 

Austrostipa multispiculis (J.M. Black) S.W.L. Jacobs & J. Everett, comb. nov. 
Basionym: Stipa multispiculis J.M. Black, Trans. & Proc. Roy. Soc. South Austr. 65: 333 
(1941); Vickery, Jacobs & Everett (1986: 78-79). 

Austrostipa mundula (J.M. Black) S.W.L. Jacobs & J. Everett, comb. nov. 

Basionym: Stipa mundula J.M. Black, Trans. & Proc. Roy. Soc. South Austr. 65: 333 
(1941); Vickery, Jacobs & Everett (1986: 79-80). 

Austrostipa nitida (Summerliayes & C.E. Hubb.) S.W.L. Jacobs & J. Everett, comb. nov. 
Basionym: Stipa nitida Summerhayes & C.E. Hubbard, Kew Bull. 1927: 80 (1927); 
Vickery, Jacobs & Everett (1986: 82-84). 

Austrostipa nivicola (].H. Willis) S.W.L. Jacobs & J. Everett, comb. nov. 

Basionym: Stifia nivicola J.H. Willis, Victorian Naturalist 73:149 (1957); Vickery, Jacobs 
& Everett (1986: 85-86). 

Austrostipa nodosa (S.T. Blake) S.W.L. Jacobs & J. Everett, comb. nov. 

Basionym: Stipa nodosa S.T. Blake, Proc. Roy. Soc. Queensland 62: 89 (1952); Vickery, 
Jacobs & Everett (1986: 86-87). 

Austrostipa nullarborensis (Vickery, S.W.L. Jacobs & J. Everett) S.W.L. Jacobs & J. Everett, 

comb. nov. 

Basionym: Stipa nullarborensis Vickery, S.W.L. Jacobs & J. Everett, Telopea 3: 88-89 
(1986). 

Austrostipa nullanulla (J. Everett & S.W.L. Jacobs) S.W.L. Jacobs & J. Everett, comb. nov. 
Basionym: Stipa nullanulla J. Everett & S.W.L. Jacobs, Telopea 2: 398 (1983); Vickery, 
Jacobs & Everett (1986: 89-90). 

Austrostipa oligostachya (Hughes) S.W.L. Jacobs & J. Everett, comb. nov. 

Basionym: Stipa oligostachya Hughes, Kew Bull. 1921: 12 (1921); Vickery, Jacobs & 
Everett (1986: 90-91). 

Austrostipa petraea (Vickery) S.W.L. Jacobs & J. Everett, comb. nov. 

Basionym: Stipa petraea Vickery, Telopea 2:15 (1980); Vickery, Jacobs & Everett (1986: 
91-92). 

Austrostipa pilata (S.W.L Jacobs & J. Everett) S.W.L. Jacobs & J. Everett, comb. nov. 
Basionym: Stipa pilata S.W.L. Jacobs & J. Everett in Vickery, S.W.L. Jacobs & J. Everett, 
Telopea 3: 92-93 (1986). 

Austrostipa platychaeta (Hughes) S.W.L. Jacobs & J. Everett, comb. nov. 

Basionym: Stipa platychaeta Hughes, Kew Bull. 1921: 16 (1921); Vickery, Jacobs & 
Everett (1986: 93-94). 
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Austrostipa plumigera (Hughes) S.W.L. Jacobs & J. Everett, comb. nov. 

Basionym: Stipa plumigera Hughes, Kew Bull. 1921: 20 (1921); Vickery, Jacobs & 
Everett (1986: 94-95). 

Austrostipa puberula (Steud.) S.W.L. Jacobs & J. Everett, comb. nov. 

Basionym: Stipa puberula Steudel, Syn. PI. Glum. 1: 128 (1854); Vickery, Jacobs & 
Everett (1986: 95-96). 

Austrostipa pubescens (R. Br.) S.W.L. Jacobs & J. Everett, comb. nov. 

Basionym: Stipa pubescens R. Brown, Prodr.: 174 (1810); Vickery, Jacobs & Everett 
(1986: 97-98). 

Austrostipa pubinodis (Trin. & Rupr.) S.W.L. Jacobs & J. Everett, comb. nov. 
Basionym: Stipa pubinodis Trinius & Ruprecht, Mem. Acad. Imp. Sci. St Petersbourg, 
Ser. 6, Sci. Math., Seconde Pt Sci. Nat. 5: 50 (1842); Vickery, Jacobs & Everett (1986: 
99-100). 

Austrostipa pycnostachya (Benth.) S.W.L. Jacobs 6" /. Everett, comb. nov. 

Basionym: Stipa pycnostachya Bentham, FI. Austr. 7: 568 (1878); Vickery, Jacobs & 
Everett (1986: 100-101). 

Austrostipa ramosissima (Trin.) S.W.L. Jacobs & J. Everett, comb. nov. 

Basionym: Urachne ramosissima Trinius, Gram. Unifl.: 173 (1824). 

Synonym: Stipa ramosissima (Trinius) Trinius (1830: 74); Vickery, Jacobs & Everett 
(1986: 101-103). 

Austrostipa rudis (Spreng.) S.W.L. Jacobs & J. Everett, comb. nov. 

Basionym: Stipa rudis Sprengel, Syst. Veg. Cur. Post. 4: 31 (1827); Vickery, Jacobs & 
Everett (1986: 103-106). 

Austrostipa rudis subspecies rudis (autonym) 

Synonyms: Stipa nervosa var. neutralis Vickery (1951: 335). 

Stipa rudis subspecies rudis (Everett & Jacobs 1983: 396). 

Austrostipa rudis subspecies australis (J. Everett & S.W.L. Jacobs) S.W.L. Jacobs & J. 
Everett, comb. nov. 

Basionym: Stipa rudis subspecies australis J. Everett & S.W.L. Jacobs, Telopea 2: 396 
(1983); Vickery, Jacobs & Everett (1986: 105-106). 

Austrostipa rudis subspecies nervosa (Vickery) S.W.L. Jacobs & J. Everett, comb. nov. 
Basionym: Stipa nervosa var. nervosa Vickery, (fontrib. N.S.W. Natl. Herb. 1: 335 (1951). 
Synonym: Stipa rudis subspecies nervosa (Vickery) J. Everett & S.W.L. Jacobs (1983: 
396); Vickery, Jacobs & Everett (1986: 106). 

Austrostipa scabra (Lindl.) S.W.L. Jacobs & J. Everett, comb. nov. 

Basionym: Stipa scabra Lindley in Mitchell, Journ. Trop. Austr.: 31 (1848); Vickery, 
Jacobs & Everett (1986: 107-111). 

Austrostipa scabra subspecies scabra (autonym) 

Synonym: Stipa scabra subspecies scabra (Vickery, Jacobs & Everett 1986: 108-109). 

Austrostipa scabra subspecies falcata (Hughes) S.W.L. Jacobs & J. Everett, comb. nov. 
Basionym: Stipa falcata Hughes, Kew Bull. 1921: 14 (1921). 

Synonym: Stipa scabra subspecies falcata (Hughes) Vickery, S.W.L. Jacobs & J. Everett 
(1986: 110-111). 

Austrostipa semibarbata (R. Br.) S.W.L. Jacobs & J. Everett, comb. nov. 

Basionym: Stipa semibarbata R. Brown, Prodr.: 174 (1810); Vickery, Jacobs & Everett 
(1986: 111-113). 
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Austrostipa setacea (R. Br.) S.W.L. Jacobs & J. Everett, comb. nov. 

Basionym: Stipa setacea R. Brown, Prodr.: 174 (1810); Vickery, Jacobs & Everett 
(1986: 113-115). 

Austrostipa stipoides (Hook. /.) S.W.L. Jacobs & ]. Everett, comb. nov. 

Basionym: Dichelachne stipoides Hooker f., FI. Nov.-Zel. 1: 294, t. 66 (1853). 
Synonym: Stipa stipoides (Hook, f.) Veldkamp (1974: 11); Vickery, Jacobs & Everett 
(1986: 116-117). 

Austrostipa stuposa (Hughes) S.W.L. Jacobs & J. Everett, comb. nov. 

Basionym: Stipa stuposa Hughes, Kew Bull. 1921: 20 (1921); Vickery, Jacobs & Everett 
(1986: 117-118). 

Austrostipa tenuifolia (Steud.) S.W.L. Jacobs & J. Everett, comb. nov. 

Basionym: Stipa tenuifolia Steudel, Syn. PI. Glum. 1: 128 (1854); Vickery, Jacobs & 
Everett (1986: 119-120). 

Austrostipa trichophylla (Benth.) S.W.L. Jacobs & J. Everett, comb. nov. 

Basionym: Stipa trichophylla Bentham, El. Austr. 7: 570 (1878); Vickery, Jacobs & 
Everett (1986: 121-122). 

Austrostipa tuckeri (F. Muell.) S.W.L. Jacobs & J. Everett, comb. nov. 

Basionym: Stipa tuckeri F. Mueller, Fragm. 9: 129 (1881); Vickery, Jacobs & Everett 
(1986: 123). 

Austrostipa variabilis (Hughes) S.W.L. Jacobs & J. Everett, comb. nov. 

Basionym: Stipa variabilis Hughes, Kew Bull. 1921:15 (1921); Vickery, Jacobs & Everett 
(1986: 124-125). 

Austrostipa velutina (Vickery, S.W.L. Jacobs & J. Everett) S.W.L. Jacobs & J. Everett, 

comb. nov. 

Basionym: Stipa velutina Vickery, S.W.L. Jacobs & J. Everett, Telopea 3: 126 (1986). 

Austrostipa verticillata (Nees ex Spreng.) S.W.L. Jacobs & J. Everett, comb. nov. 
Basionym: Stipa verticillata Nees ex Sprengel, Syst. Veg. Cur. Post. 4: 30 (1827); Vickery, 
Jacobs & Everett (1986: 127-128). 

Austrostipa vickeryana (J. Everett & S.W.L. Jacobs) S.W.L. Jacobs & J. Everett, comb. nov. 
Basionym: Stipa vickeryana J. Everett & S.W.L. Jacobs, Telopea 2: 397 (1983); Vickery, 
Jacobs & Everett (1986: 128-129). 

Austrostipa wakoolica (Vickery, S.W.L. Jacobs & J. Everett) S.W.L. Jacobs & J. Everett, 

comb. nov. 

Basionym: Stipa wakoolica Vickery, S.W.L. Jacobs & J. Everett, Telopea 3:129-130 (1986). 


Key to the subgenera 

1 Plants branched at the nodes, often almost shrubby . 2 

1* Plants caespitose, culms only branched in the inflorescence . 4 

2 The whole panicle acting as the diaspore, wind-dispersed; panicle branches plumose 

... subgen. Petaurista 

2* The floret acting as the diaspore; panicle branches scabrous or glabrous . 3 

3 Culms with simple branches; spikelets mostly > 4 mm long . 


subgen. Arbuscula 
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3* Culms witli whorled branches; spikelets < 4 mm long . subgen. Bambusina 

4 Lemma glabrous for varying distances below the apex . 5 

4* Lemma hairy all over, though hairs may be of different lengths . 6 

5 The lemma glabrous or almost so, the surface shining . subgen. Lantema 

5* Lemma glabrous only in the top half, the glabrous portion rough, tuberculate or 

'crystalline' (with individual small bumps or ridges of translucent silica) . 

. subgen. Tuberculatae 

6 Lemma with 2 membranous lobes usually > 1 mm long . subgen. Lobatae 

6* Lemma with 0-1 lobes or, if 2 present, then < 1 mm long . 7 

7 Bristle of the awn falcate; lemma narrow, often evenly covered with comparatively 

sparse, short, white hairs .... subgen. Falcatae 

7* Bristle usually straight or only slightly curved, if falcate then the lemma not evenly 
covered with comparatively sparse, short, white hairs . 8 

8 Column of the awn plumose or long-pubescent; lemma never covered with brown 

hairs . subgen. Austrostipa 

8* Column of the awn scabrous or glabrous, if plumose then the mature lemma covered 
with brown hairs . 9 

9 Palea with an adaxial groove, the lemma margins fitting into the groove and not 

overlapping . subgen. Aulax 

9* Palea entire; lemma margins overlapping . 10 

10 Glumes broad and inflated around the floret; lemma with a coma and a short callus 

at an angle to the long axis of the floret; panicle usually open and spreading . 

. subgen. Ceres 

10* Glumes narrow, close around the floret; lemma usually with a coma and a long, fine, 
straight callus aligned with the long axis of the floret; panicle often contracted with 
short branches . 11 

11 Plants perennial but with very short and narrow leaves in a small tussock, inflorescence 
many times longer than these small basal leaves (often missing from specimens) and 

often mistaken as being from annual plants; awns usually > 7 cm long . 

. subgen. Longiaristatae 

11* Plants perennial and caespitose, the inflorescence never more than 2-3 times as long 
as the basal leaves (unless grazed); awns usually < 7 cm long . 12 

12 Lemma hairs often becoming dark reddish brown at maturity; sometimes a patch of 

shorter hairs present below the apex; awn comparatively long; more commonly 
plants of inland red sandy or rocky soils . subgen. Eremophilae 

12* Lemma hairs unchanging or becoming yellow at maturity, but never dark reddish 
brown; patches of shorter hairs never present; awn comparatively short; more 
commonly plants near the coast or on light-coloured sandy soils . 


subgen. Lancea 
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Austrostipa subgenus Austrostipa (autonym) 

A. mollis (Type), A. liemipogon, A. densiflora, A. campylachne, A. stuposa, A. semibarbata, 
A. aquarii. 

Column of the awn plumose or long-pubescent. Lemma usually without a coma. 

Austrostipa subgenus Arbuscula S.W.L. Jacobs & J. Everett, subgen.nov. 

A. acrociliata (Type), A. breviglumis, A. nullarborensis, A. plati/cbaeta, A. pycnostachya. 

Culmi plerumque ramosi sed ramis non verticillatis. Ligula folii longa. Paniculae 
grandes, sparsae, effusae. 

Culms usually branched though the branches not whorled. Leaves with long ligules. 
Panicles large, sparse and spreading. 

The epithet is Latin for small tree or shrub in reference to the shrubby growth form 
of these species. 

Austrostipa subgenus Longiaristatae S.W.L. Jacobs & J. Everett, subgen. nov. 

A. compressa (Type), A. mncalpinei. 

Caespites minutos perennesque formans, culmis florentibus grandis quotannis 
praesentibus. Lemma pallidum, arista longa paene recta. 

Forming minute perennial tufts with large flowering culms produced annually. 
Lemma pale with a long, almost straight awn. 

The epithet refers to the long awns characteristic of these species. 

Austrostipa subgenus Aulax S.W.L. Jacobs & J. Everett, subgen. nov. 

A. setacea (Type), A. feresetacea. 

Palea adaxialiter profunde sulcata. Ligula folii longa (ad 2 mm). 

Palea with a deep adaxial groove. Ligule long (> 2 mm). 

The epithet is Latin for 'furrow' or 'groove', referring to the adaxial groove on the palea. 

Austrostipa subgenus Lanterna S.W.L. Jacobs & J. Everett, subgen. nov. 

A. nullanulla (Type), A. lanata, A. vickeryam. 

Lemma superficie nitenti, glabra vel subglabra. 

Lemma with a shiny surface, glabrous or almost so. 

The epithet is from Latin 'lanterna', a lantern or lamp, referring to the bright, shining 
surface of the lemma. 

Austrostipa subgenus Lancea S.W.L. Jacobs & J. Everett, subgen. nov. 

A. flavescens (Type), A. exilis, A. miindula, A. echinata, A. velntina, A. muUispictdis, 
A. crinita. 

Glumae angustae, circa flosculum confertae. Coma lemmatis praesens; callus lemmatis 
longus, gracilis rectusque. Panicula saepe contracta, ramis brevibus. 

Glumes narrow, close around the floret. Lemma with a coma and a long, fine and 
straight callus. Panicle often contracted, with short branches.The epithet is Latin for 
'small lance', referring to the shape of the floret. 
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Austrostipa subgenus Lobatae S.W.L. Jacobs & J. Everett, subgen. nov. 

A. jundfoUa (Type), A. gcoffreyi, A. stipoides, A. petraea. 

Lemma ad apicem lobis longis acutisque. 

Lemma with long, acute lobes at the apex. The epithet refers to the long lobes at the 
lemma apex characterising these species. 

Austrostipa subgenus Tuberculatae S.W.L. Jacobs & J. Everett, subgen. nov. 

A. rudis (Type), A. aphylla, A. oligostachya, A. pubescms, A. pubinodis, A. nivicola, A. innelkn. 
Lemma versus apicem plusminusve glabrum, superficie scabra vel tuberculata. 
Glumae valde costatae. 

Lemma glabrous for varying lengths below the apex, the surface rough 
('crystalline' — with clear small lumps or ridges of translucent silica — or tuberculate). 
Glumes strongly ribbed. 

The epithet refers to the tuberculate surface of the upper lemma characteristic of this 
group of species. 


Austrostipa subgenus Falcatae S.W.L. Jacobs & J. Everett, subgen. nov. 

A. nitida (Type), A. nodosa, A. scabra, A. variabilis, A. trichophylla, A. blakei, A. drnmmondn, 
A. leniiifoUa, A. pilata. 

Arista falcata. Lemma angustum aciculareque. 

Bristle of awn falcate. Lemma narrow and needle-like. 

The epithet has been used informally for a long time (e.g. Hughes 1922) and refers 
to the sickle-shaped bristle of the awn. 


Austrostipa subgenus Ceres S.W.L. Jacobs & J. Everett, subgen. nov. 

A. gibbosa (Type), A. aristighimis, A. curticoma, A. bigmiculata, A. blackit, A. dongtcola. 
Glumae latae, circum flosculum dilatatae. Coma lemmatis praesens; callus lemmatis 
valde angulatus brevisque. Panicula effusa, ramis longis. 

Glumes broad and inflated around the floret. Lemma with a coma and a short, 
strongly angled callus. Panicle expanded with long branches. 

The epithet is a name for the Roman goddess of grain and agriculture and refers to 
both the almost Oat-like appearance of the broad glumes and the high ranking many 
of the species in this group are given as pasture species. 

Austrostipa subgenus Eremophilae S.W.L. Jacobs & J. Everett, subgen. nov. 

A eremophila (Type), A. metatoris, A. wakoolica, A. pubenda, A. phirnigera, A. centralis.Coma 
lemmatis praesens; pili lemmatis ad maturitatem saepe fuscescentes. Ansta longa. 

Lemmas with a coma. The lemma hairs often darkening at maturity. Awn long. 
The epithet is derived from the name of one of the species which m turn is Latinised 
Greek usually translated as being desert- or wilderness-loving. 


Austrostipa subgenus Petaurista S.W.L. Jacobs & J. Everett, subgen. nov. 

A. elegantissima (Type), A. tuckeri. 

Panicula grandis pyramidalisque vice diasporae fungens. Culmi ramosi sed ramis 
non verticillatis. Lemma palea minimum 2-plo longius. 

Panicle large and pyramidal, acting as the diaspore. Panicle branches plumose Culms 
branched but the branches not whorled. Palea less than half the length of the lemma. 

The epithet is Latin for 'tumbler' or 'vaulter', referring to the wind-dispersed 
inflorescence. 
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Austrostipa subgenus Bambusina S.W.L. Jacobs & J. Everett, subgen. nov. 

A. verticillata (Type), A. ramosissima.Culmi ramis verticillatis. Flosculi parvi (minus 
quam 4 mm). 

Culms with whorled branches. Florets small (< 4 mm long). 

The epithet is a Latinised diminutive of the Malay word 'bambu', referring to the 
resemblance of plants of the two species to small clumps of bamboo. 

Nassella 

Nassella Desvaux in Gay (1854: 263); Barkworth (1990, 1993). 

Nassella hyalina (Nees) Barkworth (1990: 610). 

Basionym: Stipa hyaliim Nees (1829: 378); Vickery, Jacobs & Everett (1986: 66). 

Nassella leucotricha (Trin. & Rupr.) Pohl in Barkworth (1990: 610). Barkworth (pers. 
comm.) states that this should be cited as 'Pohl in Barkworth' even though she 
mistakenly stated on p. 608 that only two new combinations were being made by 
Pohl instead of the three made. 

Basionym: Stipa leucotricha Trinius & Ruprecht (1842: 54); Vickery, Jacobs & Everett 
(1986: 69-70). 

Nassella megapotamia (Sprang, ex Trin.) Barkiuorth (1990: 610-611). 

Basionym: Stipa megapotamia Spreng. ex Trinius (1830: 77); Vickery, Jacobs & Everett 
(1986: 72-73). 

Nassella neesiana (Trin. & Rupr.) Barkworth (1990: 611). 

Basionym: Stipa neesiana Trinius & Ruprecht (1842: 27); Vickery, Jacobs & Everett 
(1986: 81). 

Nassella trichotoma (Nees) Hack, ex Arechavaleta (1895: 276). 

Basionym: Stipa trichotoma Nees (1829: 375); Vickery & Jacobs (1980: 21-23). 
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Abstract 

Linder, H. Peter and Verboom, G. Anthony (Bolus Herbarium, University of Cape Town, Rondebosch 
7700, South Africa) 1996. Generic limits in the Rytidosperma (Danthonieae, Poaceae) complex. Telopea 
6(4): 597-627. The generic limits of the Australasian danthonioid grasses are re-assessed using 
morphological and anatomical data from virtually all danthonioid species. These data, encoded 
in the DELTA system, were analysed using parsimony. The position of these genera within the 
Poaceae, and the broad structure of the relationships between them, has been assessed previously 
using both embryological information and molecular analyses. The results of the present study 
support the recognition of Plinthanthesis, Notochloe and Schismus, as well as corroborating the 
distinction between Danthonia and Rytidosperma. Rytidosperma sensu Zotov is segregated into 
three genera: Rytidosperma s.s. with 35 species, which includes Monostachya, Erythranthera and 
Pyrrhanthera; Notodanthonia with 28 species; and two new genera, Thonandia (5 species) and 
Joycea (3 species). These genera are characterised morphologically and ecologically, and the 
species included in each genus listed. The relevant new combinations are made. 


Introduction 

The last comprehensive, critical taxonomic study of the Australian danthonioids was 
by Vickery (1956), whose exemplary account of the species boundaries and 
nomenclature laid a solid foundation for further work. Vickery placed all species in a 
very broadly defined Danthonia, a concept which was current at that time. Within a 
few years, however, the dismantling of this large, unwieldy genus had begun. Zotov 
(1963) initiated this process by segregating the New Zealand species into four genera: 
Chionochloa, Notodanthonia, Erythranthera, and Pyrrhanthera. During the next decade, 
Conert, following the results of De Wet (1956, I960), removed most of the African 
species into separate genera: Dregeochloa (Conert 1966), Karroochloa (Conert & Tiirpe 
1969), MerxmueUera (Conert 1970, 1971), and Pseudopentameris (Conert 1971). The 
Australasian segregation was finally completed when Blake (1972) recognised 
Notodanthonia, Plinthmthesis and Monachather, thus leaving no Danthonia species native 
to Australasia and southern Africa. Blake did not make the relevant combinations for 
Notodanthonia: that was eventually done by Connor and Edgar (1979). Nicora (1973) 
completed the redelimitation of IDanthonia by removing six South American species 
from Danthonia to Rytidosperma. This reduced Danthonia from a ubiquitous genus of 
some 150 species, to a small genus of ca. 23 species, ranging from South America (9 
species), through North America (8 species) to Europe (3 species) and North-East 
Africa (2 species) and Asia (2 species). Subsequently, Connor and Edgar (1979) 
transferred all the Australasian species of Notodanthonia to Rytidosperma. 

This fragmentation of Danthonia has not gone unchallenged. The separation of 
Chionochloa has been generally accepted (Blake 1972, Conert 1975, Connor 1991, 
Jacobs 1994): Chionochloa is sharply discontinuous from the rest of Danthonia s.l. by 
its bizarre leaf anatomy, shaggy three-rowed lemma indumentum, and the shape of 
the paleas (Linder in prep.). Although the genus is clearly danthonioid, it is not 
closely related to the Rytidosperma-Danthonia clade (Linder in prep.). There is one 
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species of Chionochloa on the Australian mainland and another on Lord Howe Island 
(Jacobs 1988), and their affinities to the rest of the genus have recently been analysed 
(Linder in prep.). However, there have been disputes about the correct names for the 
'new' genera. Veldkamp (1980) proposed the conservation of Notodanthonia over 
Rytidosperma, and to change the typification of Plinihanthesis, replacing it with the 
new name Blakeochloa, but Iris arguments were opposed by Jacobs (1982), and the 
proposal was rejected. The delimitation of the new genera is still controversial, with 
Clayton and Renvoize (1986) proposing a wider concept of Rytidosperma, including 
Erythranthcra, Karroochloa and Merxmiiellera. Further, there are controversies about 
the recognition of some of the segregate genera, in particular Rytidosperma, in Australia 
(Conert 1975, 1987, Jacobs 1982). Despite the acceptance of Rytidosperma as a distinct 
genus in New Zealand and South America, it has not been generally accepted in 
Australia where Danthonia has been preferred (Jacobs 1982,1994, Simon 1993, Beadle 
et al. 1982, Stanley & Ross 1989, Walsh 1995, but see Blake 1972). 

The danthonioid grasses are economically important in Australia as a high-quality 
native fodder (Whalley 1991, Mitchell 1991, Robards et al. 1967, Wilson & Leigh 1970), 
particularly due to their drought resistance, their ever-green habit — they retain green, 
digestible leaves even in the dry seasons (Leigh 1991) — and their good response to 
grazing. In addition, danthonioids are common to dominant elements in the temperate 
grasslands of New South Wales, Victoria and Tasmania (Scott & Whalley 1982, Lodge 
& Whalley 1989). This has led to extensive ecological and biological research into the 
group, directed at understanding the dynamics of grasslands in paddocks (Scott & 
Whalley 1984, Lodge & Whalley 1989) and at the domestication of the more suitable 
species (Lodge & Groves 1991). Consequently a stable taxonomy is of some importance. 
Generic delimitations in a widespread austral group like the danthonioid grasses 
cannot be done in continental isolation in Australia, and there have been two recent 
attempts at addressing the problem globally. Jacobs (1982) critically reviewed the 
evidence for segregating the genera, and Tomlinson (1985) surveyed the danthonioid 
grasses for anatomical and lodicule characters. However, neither of these two excellent 
studies presented comprehensive reviews of the available data, a task which would be 
necessary for the best evaluation of the evidence. 

There is some doubt about the monophyly of the Arundinoideae. Phenetic 
morphological studies (Hilu & Wright 1982) and an analysis of prolamin variation 
(Hilu & Esen 1990) produced results consistent with a monophyletic Arundinoideae, 
although the sampling for the latter study was insufficient to test the hypothesis 
rigorously. Ellis (1987) failed to find leaf anatomical support for a monophyletic 
Arundinoideae, while the cladistic analyses of morphological data conducted by 
Kellogg and Campbell (1987) could not retrieve the Arundinoideae. A parsimony 
analysis of rhcL sequence data demonstrated the polyphyly of the Arundinoideae 
(Barker et al. 1995). Until such time as a monophyletic subfamily classification is 
available, there appears to be little sense in using the subfamily classification, at 
least for the Arundinoideae. However, a large group of genera of the Arundinoideae 
are clearly related. Hilu and Esen (1990) showed that Danthonia s.l. and Cortaderia 
have very similar prolamins, and that these are rather different from the prolamins 
of the next most similar genus, Phragmites, as well as the rest of the grasses. This 
relationship was further demonstrated by both rbcL (Barker et al. 1995) and rpoC. 
(Barker 1995) analyses, and in addition there are several morphological characters 
which define this clade; haustorial synergids (Philipson & Connor 1984, Verboom et 
al. 1994), bilobed prophylls and ovaries with distant styles. There is as yet no formal 
taxonomy for this group, but as it is to some extent congruent with the tribe 
Danthonieae, as delimited by Watson and Dallwitz (1992), we refer to it in the rest 
of the paper as the 'danthonioid grasses'. 
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Ainphipogoii and Diplopogon, which were included in the Danthonieae by Watson and 
Dallwitz (1992), are probably more distantly related, and may have closer relationships 
to other lineages. The exclusion of these taxa is based partially on the absence of the 
danthonioid synapomorphies, but in most cases the morphological evidence for the 
alternative placings has not yet been investigated, and current opinions on the affinities 
of these taxa are based on plastid genome sequences (rhcL and rpoC). 

Momchather Steudel was separated from Dantliouia s.l. by Blake (1972) on the basis 
of the broadly turbinate, indurated lemma and the subquadrate caryopsis with the 
small elliptical hilum, as well as the woolly plant base. In addition, Watson and 
Dallwitz (1992) documented the presence of a lemma with a germination flap, and 
the structure of the lemma lobes is quite unlike any found in the danthonioids (pers. 
obs.). Morphologically the genus is quite distinct, and has been generally accepted 
(Jacobs 1994, Walsh 1995), but its relationships have remained obscure. Molecular 
data (Barker 1995) suggest a relationship to the Arundineae s.s. rather than to the 
Danthonieae, but its high ploidy level and bizarre morphology suggest that a more 
detailed analysis might be necessary to assess congruence of the plastid and nuclear 
genomes. As the molecular data (Barker et al. 1995) and morphological data 
(unpublished) indicate a rather distant relationship to the Danthonieae, the genus 
was not included in the present analysis. 

It is clear that there is as yet no consensus as to what constitutes the best generic 
classification of the Australasian danthonioid grasses. This paper addresses the 
delimitation problems between Rytidosperma, Erythranthera, Pyrranthera, Monostachya 
and Danthonia, and constitutes an attempt to delimit monophyletic genera within 
this complex. 


Methodology 

Almost all species assigned to the danthonioid clade and related groups were studied 
morphologically and anatomically from herbarium material and, where available, 
from live plants. The descriptive data are being assembled in a DELTA data-base 
(Dallwitz 1980, Dallwitz & Paine 1986). Selected species were studied embryologically 
(see Verboom et al. 1994). Further information, especially cytological information, 
was taken from the literature (for Australian material. Brock & Brown 1961). The 
Australian species were studied from a large number of specimens, in preparation 
for the Flora of Australia account. 

Spikelet, floret and caryopsis morphology were recorded both from whole-mounts 
of dissected spikelets in glycerine, and from dry dissections; measurements were 
taken with an eyepiece graticule precise to the nearest 0.1 mm, and drawings were 
prepared by camera lucida. Continuous characters were used as ratios to prevent size 
variation having an unduly large effect. The ratios were divided into states at 
convenient intervals to reflect the range of the character variation: the character 
variation was not assessed for 'real' intervals in the variation range. Flowever, as 
few taxa were polymorphic for the continuous characters, it is assumed that these 
intervals may be informative on relationships between taxa. 

Leaf anatomical preparations were made from the midportions of the lower leaves 
fixed in FAA in the field, and stored in 70% EtOH. Where freshly fixed material was 
not available, herbarium material was rehydrated in boiling, soapy water. Transverse 
sections were hand-cut, while adaxial and abaxial epidermal scrapes were prepared 
by standard techniques. Preparations were stained in a combined Alcian Blue - 
Safranin stain (Tolivia & Tolivia 1987), dehydrated through an alcohol series, and 
mounted in Canada Balsam. 
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The characters used are discussed in detail in the Appendix, and the distribution of 
the states given in Table 1. 

Approximately 70 species are members of Rytidosperma sensu Zotov; of these, both 
morphological and anatomical data are available for 54 species, as well as for the 
species of Erythranthera and Pyrrhanthem. Closely related genera are represented by 
several species each (Karroochloa, hvo of four; Schismus, two of five; and Triboliuiii, 
three of ten) representing the variation within these genera. The 23 species of Danthoiiia 
are represented by six species. The tree was rooted to Pentaschistis curvifolia. 
Pentaschistis has haustorial synergids (Philipson & Connor 1984, Verboom et al. 1994), 
which is a synapomorphy for the Danthonieae, but is not a member of the Danthonin- 
Rytidosperma clade as it lacks the distinctive obovate caryopsis: it is thus a suitable 
outgroup taxon (Nixon & Carpenter 1993). 

Parsimony analysis was performed using Hennig86 (Farris 1988), run as a subroutine 
of DADA (Nixon 1993), and PAUP vs. 3.1 (Swofford 1993). Cladograms were prepared 
using CLADOS (Nixon 1992). Several analyses were performed. An initial analysis 
included all 69 species, too large a set for detailed analysis. Initial trees for branch 
swapping were generated by multiple random input, using both PAUP and DADA. 
The set of shortest trees was then branch-swapped using TBR in PAUP and bb* in 
Hennig. However, in both searches the available memory was exhausted before 
completion of the search, so there might be shorter, as yet undiscovered, trees. The 
second analysis included a subset of 33 species selected to reflect variation within 
the group; these species were chosen to represent groups of similar species. 

Successive weighting (Carpenter 1988) was used to choose among the set of most 
parsimonious trees. However, the results produced were generally at variance with 
the set of minimally parsimonious trees, and consequently these results were used to 
provide an assessment of the robustness of the various nodes. In addition, a bootstrap 
analysis with 100 replicates was conducted. Tree topologies and the costs of modifying 
tree topologies were explored using MacClade vs. 3 (Maddison & Maddison 1992); 

Characters were mapped on the strict consensus tree, using Accelerated 
Transformation (Swofford & Maddison 1987), which prefers reversals to parallelisms 
when both optimisations are equally parsimonious. Anderberg and Tehler (1990) 
argued that it is illogical to plot characters on a consensus tree, as consensus trees 
are derived from the set of most parsimonious trees. However, this is not the issue: 
the characters are plotted on the the tree to illustrate which characters can be 
interpreted as synapomorphies for which clades. 


Results 

Analysis 1 could not be completed, due to lack of memory. Nine hundred and nine 
trees of length = 332 steps, consistency index = 0.18 and retention index = 0.62 were 
found. The strict consensus tree is given in Fig. 1. Analyses with different starting 
trees, and with starting trees designed from the results of later analyses, produced 
essentially the same strict consensus tree, but with variation indicating that the set 
of trees located is somewhat different. The second analysis found four trees 
(length = 190, consistency index = 0.295 and retention index = 0.561), with the only 
polychotomy being within Danthoiiia (Fig. 2). 

Successive weighting did not lead to greater resolution, but provided some indication 
of the support for the various nodes (Fig. 3). The bootstrap results confirmed the 
low consistency index: very few nodes were retrieved in more than 50% of randomised 
data sets (Fig. 3). 
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Fig. 1. Strict consensus tree from 909 equally parsimonious trees found for the complete set of 
species. Different starting trees generate somewhat different sets of trees. 
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Fig. 2. Strict consensus tree from four equally parsimonious trees located for the subset of species. 
Characters have been optimised onto the topology to indicate support for the different clades. 
Filled bars indicate unique changes from 0 to 1, or 1 to 2; hollow bars unique changes from 2 to 
1 or 1 to 0; lightly shaded bars homoplasious changes from 2 to 1 or 1 to 0; darkly shaded bars 
homoplasious changes from 0 to 1 or 1 to 2. 
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Fig. 3. Strict consensus tree from four equally parsimonious trees located from the subset of 
species. Nodes robust to successive weighting are indicated by dots; bootstrap percentiles are 
indicated by the numbers on the nodes. 
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Discussion 

The overall consistency indices and retention indices for the trees located are low. 
This is consistent with rampant convergence and parallelism, which is evident from 
the cladograms, showing the relatively low number of unique synapomorphies within 
this group. However, the basic pattern in the relationships was retrieved by all 
analyses, despite variations in the number of species included, variations in the 
characters used, etc., suggesting that the basic patterns located are robust. 

A problem associated with the analysis of large data sets of often 'messy' data is that 
calculation times are slow, thus limiting the possibility of doing statistical tests based 
on character manipulations. In addition, such data sets often contain many possible 
arrangements of the taxa, which can limit the ability of the search algorithms to find 
the most parsimonious solutions. There are two sampling approaches to dealing 
with these problems: the first is to include as many species as possible, yet not be 
able to search the data set adequately; the other is to use a smaller set of representative 
species, but possibly miss important character combinations. The results of the first 
analysis almost certainly are not maximally parsimonious, while the results from the 
second analysis may represent an overly simplified picture. 

Keeping these caveats in mind, the following interpretations can be made from 
these results. 


Danthonia 

The distinction between Danthonia and the Rytidosperma clade is strongly supported. 
This node was retrieved by all character and taxon manipulations, was unaltered by 
successive weighting, and obtained a bootstrap support value of 79%. 

Danthonia, as circumscribed here, is defined by the presence of cleistogenes among 
the culm sheaths and by a base chromosome number of 18. With this definition, it 
includes 23 species, with nine in South America, eight in North America, and three 
from Europe to the Himalayas. Although none are native to Australia, Danthonia 
decuinbens has been introduced in Tasmania and Victoria, where it is rather rare. 

Zotov (1963) separated Rytidosperma from Danthonia by lemma indumentum and 
hilum shape. In Rytidosperma the lemma indumentum is tufted or patterned, while 
in Danthonia it is either evenly scattered on the back, or in marginal lines. The hilum 
in Rytidosperma is punctiform; in Danthonia it is linear. To these characters Veldkamp 
(1980) added ciliate lodicules and larger caryopses as typical of Rytidosperma. The 
two taxa also differ in basic chromosome number, with 2n = 24 in Rytidosperma and 
36 in Danthonia. 

Jacobs (1982) critically analysed the characters used by Veldkamp (1980), and showed 
that there are exceptions to every character used by Veldkamp and Zotov. The lemma 
indumentum character is possibly the most difficult to quantify, as the distinction 
between the marginal strip of hair and the marginal tufts of a tufted indumentum is 
in many cases subjective. The hilum shape/length and lodicule indumentum 
characters have some striking exceptions in Danthonia, according to the data presented 
by Jacobs. However, from the data available, the exceptions are not correlated: species 
with bristly lodicules generally do not have short, punctate hila. Jacobs is particularly 
worried about the placement of D. cirrata, D. secundiflora and D. rhizomata. Yet in all 
three the lodicules are generally glabrous; and Tomlinson (1985) did not record 
bristles or microhairs for these species; only D. secundiflora has an oblong, short 
hilum; and D. cirrata has 72 chromosomes (either a tetraploid based on 2n = 36, or a 
hexaploid based on 2n = 24). D. unispicata has bristly lodicules, but the linear hilum 
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is 75% of the length of the caryopsis. D. domingensis approaches Rytidosperma most 
closely by its bristly lodicules (Jacobs 1982), but Conert (1975) describes the lodicules 
as glabrous, raising the possibility that one of the authors was working with 
misidentified material. However, its chromosome number is 36 (Davidse & Pohl 
1972). It is necessary to decide whether these character distributions should be 
regarded as exceptions to the rule, or whether they should be interpreted as indicating 
a more complex pattern of relationships between Rytidosperma and Dautlionia. If the 
exceptions were to some extent correlated, then they would probably indicate that 
Dauthouia is nested within Rytidosperma. However, the exceptions occur singly, and 
Danthonia species with one Rytidosperma character do not have any others. We suggest 
that this indicates homoplasy, rather than a distinct pattern. We would therefore 
regard them as exceptions, rather than as intermediates between the two genera, 
and on a phylogenetic analysis they should appear as autapomorphies. Thus we 
interpret the data as indicating two distinct lineages: one for Rytidosperma and allied 
genera, and one for Danthonia. 

The position of the Himalayan species Danthonia cachemyriana (including D. exilis 
and D. jaquemontii) and D. schneideri are not clear; Tomlinson (1985) suggested a 
relationship to Karroochloa, but there has never been a formal placement of these 
species outside Danthonia. The analysis of all species aligns them to the Rytidosperma 
s.l. clade rather than to Danthonia. In D. cachemyriana the lodicules have microhairs, 
the lemma indumentum is distinctly tufted, and the hilum 30% of the caryopsis 
length. D. schneideri also has lodicules with bristles and microhairs (Veldkamp, pers. 
com.), but the lemma indumentum is poorly tufted, with marginal strips of hair, and 
the hilum is 60% of the caryopsis length. However, despite these results we do not 
feel satisfied that we have seen enough good quality, convincing material to make 
the formal transfer of these species from Danthonia to Rytidosperma s.l. 

All Danthonia species described from Malesia by Veldkamp (1979, 1993) should be 
included in the Rytidosperma s.l. clade; Veldkamp's descriptions and our own studies 
of some of the species indicate this clearly. 

Plinthaiithesis, Schismus, Karroochloa and Notochloe 

This is a robust clade, which is retrieved by all analyses, and which is robust to 
bootstrapping. This clade is defined by a reduction in the degree of lobing of the 
lemmas, a reduction in the development of the lemma awns, the absence of a tufted 
indumentum on the abaxial surface of the lemma and the absence of bulliform cells. 
Our analyses indicate that Plinthanthesis is more closely related to Notochloe and 
Schismus than to either Danthonia or Rytidosperma. Although Plinthanthesis and 
Notochloe have very different spikelet morphologies, the spikelet morphology of 
Notochloe is unique, and so uninformative on its relationships. But the two genera 
share the presence of islands of clear cells between the vascular bundles. This is the 
only occurrence of this character in the danthonioid grasses (although it does occur in 
Phragmites, a member of the Arundineae s.s.), and so may be considered to be a good 
synapomorphy for them. In addition, this grouping is supported by the molecular 
analyses of Barker (1995). The two genera are associated with Danthonia by the mesic, 
moniliform leaf-blades and linear hila, but there is no direct morphological support 
for the molecular association between Danthonia and Plinthanthesis. 

The association of Schismus and Tribolium with Plinthanthesis and Notochloe is 
interesting. Tribolium is endemic to southern Africa, while Schismus has most of its 
species there, with one species found around the Mediterranean. The group has no 
representatives in South America, unless the molecular data supporting the link to 
Danthonia are corroborated. 
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Plinlhanthesis has a complicated nomenclatural history. Bentham (1878) already 
separated it as Danthonia sect. Micmnlhera. Blake (1972) elevated this group to generic 
level, taking up Steudel's generic name Plinthanthesis, which he lectotypified by 
PIinthanthesis iirvillei Steud., while transferring P. temiius Steud. to Notodanthonia. 
Conert (1975) explicitly synonymised Plinlhanthesis under Danthonia, by transferring 
the type species, P. urvillei Steud. to Danthonia, and Veldkamp (1980) challenged the 
typification of Plinlhanthesis, an argument which was rejected by Jacobs (1982) and 
Connor and Edgar (1981). Our analysis supports the distinctness of Plinthanthesis, 
supported by four characters: villous palea margins, puberulous palea backs, and 
the absence of bulliform cells in the adaxial leaf epidermis. Blake used the 
characteristic brown colour of dried specimens, the remarkably long rhachilla 
internodes, the palea longer than the lemmas, and the glumes with prominent 
midnerves to separate Plinthanthesis from Danthonia s.s. and from Chionochloa, while 
Rytidosperma was separated from Plinthanthesis by a punctiform hilum. 

Joycea 

The two species of joycea consistently form a distinct group, robust to successive 
weighting, often placed as sister-group to the rest of the Rytidosperma clade. These 
two represent a group of three species (of which two were used in the analysis): 
Joycea pallida, j. clelandii and the recently described /. lepidopoda. These three species 
lack the distinct tufting in the upper row of lemma hairs typical of Rytidosperma s.l., 
and also have more linear caryopsis hila, and the group is defined by its longer, 
deep red anthers. 

Although this group has not been recognised before, J. pallida has always been 
considered to be taxonomically anomalous, and has consequently been placed in 
several genera: Veldkamp (1980) transferred the species to Notodanthonia, a position 
disputed by Connor and Edgar (1979), and Jacobs (1982) transferred the species to 
Chionochloa. Simon (1993), however, retained /. pallida in Danthonia. Vickery (1956) 
placed J. clelandii next to D. pallida, indicating the close relationship between them. 
Walsh (1991) also indicated the close relationship between his ]. lepidopoda and 
/. pallida. Ecologically, the three species are quite distinct from the rest of the 
Rytidosperma clade, and especially j. pallida is not commonly regarded in Australia as 
a member of the genus Rytidosperma. 

The morphological and ecological evidence indicates that this lineage may best be 
separated from typical Rytidosperma, so we separate the three species into a new 
genus, named Joycea after Joyce Vickery, who did such excellent work on the 
Australian grasses. 


Rytidosperma s.l. 

A clade including Rytidosperma sensii Zotov, Erythranthera, Pyrrhanthera, Monostachya 
and Karroochloa is retrieved by all analyses, and is robust to successive weighting. 
This clade is based largely on the lemma indumentum, which is more or less tufted, 
at least in the upper indumentum row. In addition, the hilum is more or less punctate. 
The hilum character is somewhat variable, as may be expected in such a large clade. 
Generally, the hilum is not truly punctate, but rather ovate to elliptical, and its size, 
relative to the caryopsis, is also variable. However, it is not linear, as is typical of so 
many other danthonioid genera. Consequently, simple measurements do not always 
capture the distinction between the different hilum types. It should be noted, though, 
that there are exceptions within both Rytidosperma s.l. and the rest of the tribe 
Danthonieae, so that this character is not absolute. 
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Within this group four distinct lineages can be recognised. These lineages are retrieved 
by the smaller analysis: only one is distinct in the larger analysis, in which substantial 
resolution is lost. This loss of resolution could be due to the inclusion of taxa with 
different character combinations, thereby breaking up the characters that define the 
subclades. It is striking, though, that the obvious characters which define the clades 
do not have exceptions. This indicates that convergences in other characters break 
up these clades. 

The taxonomic rank of the four clades, relative to the broader Rytidosperma, is 
problematic, and they either be recognised as subgenera of a broad Rytidosperma s.l., 
or as distinct genera. The arguments for recognising a broad Rytidosperma s.l. are as 
follows: 

a) This is taxonomically conservative, as this is the sense in which Zotov and Connor 
and Edgar used the genus, and the grasses in Australasia that were previously 
referred to as Danthonia will now be called Rytidosperma. 

b) This usage is consistent with common-name usage, where all Australian species 
of Rytidosperma s.l. are referred to as 'Wallaby grasses'. The most common Australian 
Rytidosperma s.l. species belong to one clade, so that even with a fragmented 
classification, 'Wallaby grasses' would still largely refer to Notodanthonia s.s. 

c) It may result in fewer name changes than a finer subdivision of the genus. However, 
due to the name changes proposed by Veldkamp (1980) not many new combinations 
would result from the fragmentation of Rytidosperma. 

d) The node on which the genus will be based was retrieved by all the analyses with 
different combinations of taxa, thus there is a good likelihood that this node is 
phylogenetically robust. 

Arguments that can be mustered for recognising the four clades as genera are as follows: 

a) Rytidosperma s.l. is a large genus, including 72 species. This is unwieldy; smaller 
genera are easier to understand and to work on. Subdivision would establish genera 
of 28, 35, 4 and 5 species. 

b) The inclusion of Karroochloa under Rytidosperma appears unlikely from cytogenetic 
grounds. We suspect that its inclusion within the Rytidosperma complex may be due 
to convergence. Recognising the narrower genera avoids implicating taxonomic 
changes in phylogenetic changes. 

c) The four clades are eco-geographically quite distinct. If taxonomic ranks should 
be established at nodes at which they are maximally predictive, then the recognition 
of the four as genera, rather than one variable genus, might be more informative. 
This would be consistent with the ecogeographical differences between Joycea, 
Plinthanthesis, and Notochloe. 

Morphological support is rather equivocal. Rytidosperma s.l. can be diagnosed by the 
usually tufted lemma indumentum: but there are exceptions, and the definition of 
tuftedness would have to be precise to avoid confusion with the African Merxmuellera. 
Two of the smaller clades can be diagnosed by a single, unambiguous character, the 
remaining two by character combinations. Thus for both rankings, most species can 
be keyed to the genus without difficulty, but there are some species which are 
difficult to place. 

On the balance of the evidence, we recognise four segregate genera, but are aware 
that there is an almost equally strong case for recognising a single, large genus 
Rytidosperma. 
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Karroochloa 

Karroochloa includes four species, in two very distinctive groups. Within an African 
context there is no possibility of confusing these two species groups with any other 
grasses, as they are the only members of Ri/tidospenua s.l. in Africa, but it is more 
difficult finding a synapomorphy combining them in a global context, and the only 
morphological synapomorphy found is a rounded sinus base. In addition, 
Karroochloa is the only diploid group in Rytidosperma s.l., the rest of the group being 
tetraploid or with higher ploidy levels. The four species are very variable in terms 
of lemma indumentum. 

Clayton and Renvoize (1986) suggested inclusion of Karroochloa, as well as 
Merxmuellera, in Rytidosperma s.l. Merxmuellera is very variable, and most likely 
contains several disparate elements which are not closely related (see also comments 
in Tomlinson 1985, Ellis 1982, Barker & Ellis 1991). There is no indication from the 
leaf anatomy for a relationship with Rytidosperma, and the caryopsis shape is quite 
different (Barker 1994). Although the lemma indumentum of several species of 
Merxmuellera is tufted, these tufts do not form regular transverse rows as is typical 
of most species of Rytidosperma. Karroochloa is indeed very close to Rytidosperma s.l., 
and the only character by which it can be separated is the chromosome number of 
2)1 = 12. However, its inclusion in the Rytidosperma s.l. clade would appear to be 
unlikely, and would need to be investigated further. We suggest that placing the two 
Karroochloa species within Rytidosperma may be erroneous, and the result of 
convergence between the two genera. The chromosome numbers indicate that 
Karroochloa should occupy a basal position relative to the rest of the clade, as it is 
highly unlikely that there could be a reversal of a diploid number of 24 to 12. We 
would like to see Karroochloa to be the sister group to the 2n = 24 Rytidosperma clade. 
Nonetheless, the most parsimonious solution suggests that the diploid doubling 
either occurred three times, or that the reversal did in fact occur. Forcing Karroochloa 
to a basal position, followed by a single doubling in the chromosome number, results 
in an increase in tree length from 193 to 196 steps. 


Rytidosperma s.s. 

The most distinctive subclade, containing Monostachya, Erythranthera and Pyrrhanthera, 
as well as about half of Rytidosperma sensu Zotov, is defined by the presence of 
disarticulating leaf blades and narrow metaxylem vessels. Zotov (1963) recognised 
part of the group as Notodanthatiia sect. Buchamnia Zotov, defined by the folded, 
glabrous leaves, red anthers, narrow paleas and short lemma lobes, and separated 
other parts of the clade as the segregate genera Erythranthera and Pyrrhanthera. Although 
the leaf indumentum, palea shape and anther colour characters have exceptions among 
the Australian and New Guinean taxa, this remains a rather distinct group of small 
plants with tough, folded, usually deciduous leaves, and with the upper row of lemma 
hair tufts weakly defined, often more or less reduced. The species are numerous and 
common in New Zealand; in Australia and New Guinea the plants are found in 
montane or alpine habitats. Zotov, and Connor and Edgar (1979), who largely agreed 
with Zotov's infrageneric classification of Rytidosperma, did not consider Monostachya, 
En/thranthera and Pyrrhanthera to be part of this clade. The South American species of 
Rytidosperma all belong to this clade, too. 

Monostachya was originally described for R. oreoboloides) Jacobs (1982) also included 
R. craigii, R. montis-wilhelmii and R. nardifolia, and argued for the separation of 
Monostachya from Rytidosperma. Veldkamp (1980), while arguing for the inclusion of 
Monostachya in Rytidosperma, listed (a) the cushion growth-form, (b) inflorescence 
reduced to one spikelet, (c) the shortly bidentate and aristate inflorescences and 
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(d) a base chromosome number of h = 5 (if correct) as insufficiently differentiating 
characters. Jacobs (1982) added (e) the absence of abaxia! microhairs and (f) circular 
silica bodies, and argued for the retention of the genus. 

Several of the characters suggested by Veldkamp and Jacobs are more widespread in 
Rx/tidosperma, even if in less developed form. Reduction in the inflorescence forms a 
continuum, and the development of spike-like inflorescences has also occurred several 
times. The development of a bidentate and aristate, or even an acute lemma apex, 
appears to be the consequence of the fusion of the lemma lobes to the awn column. 
Intermediate forms of fusion are common in this clade, and similar fusion patterns 
have been observed in the African genera TriboUum and Prioxxanthiuw. Detailed 
observations of the lemma vasculature further corroborate the derivation of bidentate 
lemmas in this group from a bilobed lemma. Awn reduction is more complex, in some 
groups the column is lost, leaving only the apical setum (e.g. in TriboUum and 
Mouostachxja), in others the strap-like column is retained, which may show some twisting 
(e.g. Plinfhaiithesis). Cushion-like growth-forms also appear to occur in some New 
Zealand species of sect. Buchaxmnia. The reported base chromosome number (2fi = 10) 
of R. oreoboloides is unusual for the clade, and requires corroboration. The anatomical 
peculiarities (absence of abaxial microhairs and shape of the silica bodies) are also 
more widespread in Rytidosperma s.s. (see Table 1), and may even be found in some 
South American species (Tomlinson 1985). These character distribution patterns are 
matched by the gradual reduction in the lemma indumentum, culminating in several 
species with glabrous abaxial lemma surfaces. As noted by Jacobs (1982), Monostachya 
is indeed a distinct group; however, it is embedded in the Rytidosperma s.s. clade, and 
many of the peculiarities of the high altitude New Guinean species may be regarded 
as specialisations to the anomalous tropic alpine environment. Recognition of 
Monostachya would firstly require some indication of the degree of inclusiveness of the 
group, but essentially the whole of the Rytidosperma s.s. clade would have to be included 
in order to delimit monophyletic taxa. Monostachya, as delimited by Jacobs (1982), 
renders Rytidosperma paraphyletic. 

Erythranthera was described by Zotov (1963), distinguished by the minutely three¬ 
toothed, awnless lemma, and a long bare rachilla internode associated with a short 
callus borne at right angles to the internode. This genus includes two rare species, 
which are found in long-lying snow-drifts. 

Pyrrhanthera is a monotypic genus from New Zealand, separated by Zotov (1963). It 
has a unique growth-form in the Rytidosperma group, with long, spreading rhizomes, 
and very sparsely flowering aerial shoots. In addition, the fruit is a nutlet, with a 
separable wall. 

Blake (1972) accepted Erijthranthera without any critical discussion; Tomlinson (1985) 
does not pronounce on the desirability or otherwise of recognising these genera, 
commenting merely that the leaf anatomy does not support them, but that glabrous 
lodicules are indeed rare in Rytidosperma. Clayton and Renvoize (1986) recognise 
only Pyrrhanthera, presumably due to the fruit. Both genera have unique characters, 
which constitute the basis on which they were recognised. The three species in these 
two genera, like those included by Jacobs in Monostachya, are indeed peculiar. 
However, they share the leaf anatomy and basic spikelet morphology of the 
Rytidosperma s.s. clade, and may represent specialisations from this basic condition. 
As with Monostachya, recognising them would result in a paraphyletic Rytidosperma, 
consequently we suggest including them in Rytidosperma. They appear to represent 
specialisation to peculiar habitats. Erythranthera is usually found in snow-hollows, 
both in Australia and in New Zealand. Pyrrhanthera is found in arid plains on the lee 
of the New Zealand alps. 
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Thonandia 

The T. lougifolia clade is defined primarily by the abaxial lemma surface indumentum, 
which consists of a short, even indumentum, terminating abruptly in the long tufted 
hairs of the upper indumentum row. In addition, the lemma lobes are very long with 
short setae, and the inflorescences are lax, often linear, with pale-green spikelets. 
Three of the five species have extravaginal innovations. These grasses are generally 
found in semi-shaded habitats in open woodland, and along rain-forest margins. 
They appear to avoid open grasslands and full-sun habitats where they would get 
heavily frosted, being found along the slopes of the escarpment, but never on the 
Tablelands: in the A.C.T. they are found only on the steep slopes of the gorges, 
growing in light shade. This clade includes T. semiannularis, T. lougifolia, T. gracilis, 
T. nigricans and T. imflrede. A similar indumentum is also found in the West Australian 
N. occidentalis, but this peculiar species also shows some characters of the N. caespitosa 
clade, and will be discussed in more detail under Notodanthonia. 

This segregate has not been recognised before. Zotov (1963) established a subsection 
Semiannularia, which included N. tenuior, N. biannularis and T. semiannularis. He 
defined the group by its scattered lemma-back hairs, and the relatively short setae 
on the lemma lobes. Vickery (1956) also placed the species of this group together. 
There is therefore no formal name available for this genus, and we name it Thonandia, 
which is an anagram for Dantlwnia. 

Notodanthonia 

The Notodanthonia clade is defined primarily by the massively enlarged callus, and 
the correspondingly minute rachilla internode. In addition, the leaf blades are 
generally softly hairy. The abaxial lemma surfaces generally have two neat rows of 
tufted indumentum, but in several species there are scattered hairs between the 
rows, while in some other species the lower row is diffuse. However, the indumentum 
below the upper row never forms a short, even indumentum as in Thonandia. This is 
a large clade, that has diversified on the Australian tablelands: it includes 28 species. 
The species are virtually restricted to sunny grasslands, although some species may 
also be found in light shade in open woodland (e.g. N. poiicillata, N. carphoides). This 
is the group that has become economically important as pasture grasses, and for this 
reason several species have been introduced into New Zealand. The species are 
mostly closely related to each other, and difficult to distinguish, with many 
intermediate forms. The group contains substantial variation in the lemma 
indumentum, as well as the shape of the palea, and subgroups within it may be 
recognised on this basis. 

Two species are somewhat problematic. N. occidentalis has the massive callus typical 
of this group, but the lemma indumentum is like that of Thonandia. However, in all 
other respects the species is rather like N. acerosa, and the most likely interpretation 
of the indumentum character would be a convergence to Thonandia. N. alpicola is 
somewhat more difficult. It lacks the typically massive callus of the genus, but is 
also peculiar in several other characteristics like the thickened leaves. Its closest 
relative is probably N. caespitosa, and Vickery regarded it as an alpine variant of that 
species. The smaller callus is consequently regarded as a reversal. 

Zotov (1963) included the New Zealand species of this group in his section 
Semiannularia, together with the species of Thonandia mentioned above: however, no 
further attempt had been made to recognise this group of species. 
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Formal taxonomy 

This is a key to the genera in the Rytidosperma complex and Notochloe, Schismus and 
Plinthanihesis, which have been adequately diagnosed in the literature, are not 


included in this key. 

1 Lemma sinus rounded; plants African . Karroochloa 

\* Lemma sinus acute, plants circum-Pacific . 2 


2 Callus 0.7-0.95 times the combined length of callus and rhachilla internode . 

. Notodanthonia 

2* Callus less than 0.7 times the combined length of callus and rhachilla internode 
. 3 

3 Abaxial lemma surface indumentum in two untidy rows, or largely with a 
glabrous, shiny back; leaves often disarticulating from the sheath 
. Rytidosperma 

3* Abaxial lemma surface with a more or less continuous felt-like indumentum, 
with at most the upper margin of this tufted; leaves not disarticulating from 
the sheath . 4 

4 Upper row of tufts absent; anthers 1.2-5.2 mm long, red . Joycea 

4* Upper row of hair tufts present; anthers 0.7-1.7 mm long, yellow to orange . 

. Thonandia 

Joycea Linder, gen. nov., Rytidosper7nati similis, sed lemmatis indumento disperse et 
caryopsidis hilo longiore magis lineareque et antheris longis rubrisque differt. 
Type: Joycea pallida (R. Br.) Linder 

Caespitose or rhizomatous grasses with intravaginal innovations and truncate, two- 
awned prophylls, plants more or less glabrous. Inflorescence an open panicle. Spikelets 
with 3-6 florets; disarticulating between the florets, callus blunt, villous, as long as 
rhachilla internode. Glumes equal, 1-7-nerved, glabrous to scaberulous along the 
veins, taller than the floret packet, acute. Lemmas 9-veined, bilobed, with the 3 
central veins fusing at the base of the geniculate awn, and the 3 lateral veins entering 
the acuminate lemma lobes; lemma indumentum of scattered long hairs covering 
the abaxial lemma surface. Awn column flat, cork-screwed, limb long and acute. 
Paleas longer than the lemma sinus, linear, truncate to bilobed, keeled, glabrous or 
villous between the keels and usually with hair-tufts on the palea margins. Lodicules 
2, rhomboid, bristly and with microhairs. Anthers 3, large, red to purple. Ovary 
stalked, glabrous; stigmas distant and separated by a small double ridge. Caryopsis 
obovate, embryo half the length of the caryopsis, hilum 20-30% of caryopsis length, 
linear to ovate. Chromosome numbers 48, 72, 96. 

This new genus is similar to Rytidosperma, but differs by the scattered lemma 
indumentum, the longer and more linear caryopsis hilum, and the long, red anthers. 
It contains three species, from South Australia, Victoria, New South Wales, Australian 
Capital Territory and Queensland. 

Joycea pallida (R. Br.) Linder, comb. nov. 

Basionym: Danthonia pallida R. Br., Prod.: 177 (1810). Aveiia brownii Spreng., 
Syst. Veg. 1: 336 (1825), non A. pallida Thunb. Notodanthonia pallida (R. Br.) Veldk., 
Taxon 29: 297 (1980). Chionochloa pallida (R. Br.) Jacobs, Taxon 31: 742 (1982). 
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Danthonia penicillata (Labill.) Beauv. van pallida (R. Br.) F. Muell. ex Maiden and 
Betche, Census New South Wales Plants: 29 (1922). 

Type: R. Brozvn '6232' (BM, holo, K!). 

Joycea clelandii (Vickery) Linder, comb. nov. 

Basionym: Danthonia clelandii Vickery, Contrib. New South Wales Nat. Herb. 1: 297 
(1950). Rytidosperma clelandii (Vickery) Connor and Edgar, New Zealand J. Bot. 17: 

332 (1979) 

Type: South Australia: Upper Waterfall Gully, Cleland H. 262, 30 Oct 1926 (NSW 
1126, holo!; JBC iso). 

Joycea lepidopoda (Walsh) Linder, comb. nov. 

Basionym: Danthonia lepidopoda Walsh, Muelleria 7: 384 (1991). 

Type: Victoria: 'Bullens Land' Courtneys Road, north of Ash Reserve, Walsh 1709 
(MEL holo!; NSW, BRl iso). 

Thonandia Linder, gen. nov., a Rytidospermate Steud. lemmatis indumento disperso 
breveque quit distincto a pilis superis longisque; et a Notodanthonia Zotov callo 
parva recedit. 

Type: Thonandia longifolium (R. Br.) Linder 

Caespitose or rhizomatous grasses with intra- or extravaginal innovations and 
truncate, two-awned prophylls, plants villous or glabrous. Inflorescence an open 
panicle. Spikelets 6—16 mm long and with 2—7 bisexual florets; disarticulating between 
the florets, callus blunt, villous, approximately as long as rhachilla internode. Glumes 
equal, 3-7-nerved, glabrous to scaberulous along the veins, taller than the floret 
packet, acute. Lemmas 9-veined, bilobed, with the 3 central veins fusing at the base 
of the geniculate awn, and the 3 lateral veins entering the acuminate lemma lobes; 
lemma indumentum of short hairs covering the abaxial lemma surface, with an 
abrupt transition to a row of long, tufted hairs shorter to longer than the lemma 
lobes; lemma lobes at least as long as lemma body; lemma lobe setae shorter than 
the lemma lobes. Awn column flat, cork-screwed, shorter than the lemma lobes; limb 
long and acute. Paleas longer than the lemma sinus, linear, truncate to bilobed, 
keeled, glabrous or villous between the keels and usually with hair-tufts on the 
palea margins. Lodicules 2, cuneate to rhomboid, bristly and with microhairs. Anthers 
3, yellow to orange. Ovary stalked, glabrous; stigmas distant and separated by a 
small double ridge. Caryopsis obovate, embryo half the length of the caryopsis, 
hilum 20-30% of caryopsis length, elliptical to oblong. Chromosome numbers 24,48. 

This new genus differs from Rytidosperma by the short, felt-like indumentum on the 
lemma sharply distinct from the upper row of hairs, and from Notodanthonia by the 
relatively short callus . It contains five species, from Australia and New Zealand. 

Thonandia gracilis (Hook, f.) Linder, comb. nov. 

Basionym: Danthonia gracilis Hook. El. New Zealand 1: 303 t.69B (1853). 
D. semiannularis (Labill.) R. Br. var. gracilis (Hook, f.) Hook, f., Handb. New Zealand FI. 

333 (1864). Notodanthonia gracilis (Hook, f.) Zotov, New Zealand J. Bot. 1: 123 (1963). 
Rytidosperma gracile (Hook, f.) Connor & Edgar, New Zealand J. Bot. 17: 330. 

Type: New Zealand: Rotoiti Lake, Aglionby Plains, Munro 12012 (holo, K). 

Thonandia nigricans (Petrie) Linder, comb.nov. 

Basionym: Danthonia semiannularis (Labill.) R. Br. var. nigricans Petrie, Trans. New 
Zealand Inst. 46: 37 (1914). Danthonia nigricans (Petrie) Calder, J. Linn. Soc. Lond. 
Bot. 51: 8 (1937). Danthonia gracilis Hook. f. var. nigricans (Petrie) Zotov, Trans. Royal 


Linder & Verboom, Generic limits in the Rytidosperma complex 


613 


Soc. New Zealand 73: 234 (1943). Notodanthonia nigricans (Petrie) Zotov, New Zealand 
J. Bot. 1; 123 (1963). Rytidosperma nigricans (Petrie) Connor & Edgar, New Zealand J. 
Bot. 17: 331 (1979). 

Type: New Zealand: Mt Hector, Petrie s.n. (WELT 40273A, holo). 

Thonandia longifolia (R. Br.) Linder, comb. nov. 

Basionym: Danthonia longifolia R. Br., Prod. 176 (1810); Avena longifolia (R. Br.) Spreng., 
Syst. 1: 336 (1825); Rytidosperma longifolium (R. Br.) Connor & Edgar, New Zealand J. 
Bot. 17: 332 (1979); Notodanthonia longifolia (R. Br.) Veldk., Taxon 29: 296 (1980). 
Type: New South Wales: Port Jackson, Broion 6231 (BM, holo, K!; fragm. PERTH!) 

Thonandia semiannularis (Labill.) Linder, comb. nov. 

Arundo semiannularis Labill., PI. Nov. Holl. 1: 26 t.33 (1804); Danthonia semiannularis 
(Labill.) R. Br., Prod. 177 (1810); Rytidosperma semiannulare (Labill.) Connor & Edgar, 
New Zealand J. Bot. 17: 332 (1979); Notodanthonia semiannularis (Labill.) Zotov, New 
Zealand J. Bot. 1: 116 (1963). 

Type: see notes in Vickery: photos at K of spec. no. 114 from Herb. Webb, but these 
cannot really be identified with confidence. 

Thonandia unarede (Raoul) Linder, comb. nov. 

Danthonia unarede Raoul, Ann. Sci. Nat. Ser. 3,2: 116 (1844); Danthonia semiannularis 
(Labill.) R. Br. van unarede (Raoul) Hook, f., El. New Zealand 1: 304 (1853); 
Notodanthonia unarede (Raoul) Zotov, New Zealand J. Bot. 1: 122 (1963). Type: New 
Zealand: Banks Peninsula, Raoul 1843 (P, holo, K). 

Danthonia cingula Steud., Syn. PI. Glum. 1: 246 (1854). 

Type: New Zealand: Kampmann 99 (P, holo) 

Rytidosperma Steud., Syn. 1: 425 (1854). Type species: R. lechleri Steud. Monostachya 
Merr. in Merrill & Merritt, Phil. J. Sci., Bot. 5: 330 

Type species: M. centrolepidoides Merr. (= M. oreoboloides (E. Muell.) Hitchc.). 

Includes 35 species and several subspecies, ranging from South America through 
Australasia to Malesia. 

Rytidosperma australe (Petrie) Linder, comb. nov. 

Basionym: Triodia australis Petrie, Trans. Proc. New Zealand Inst. 22:442 (1890). Danthonia 
australis (Petrie) Zotov, Trans. Proc. Royal Soc. New Zealand 73:234 (1943) non Danthonia 
australis Buchan. Erythranthera australis (Petrie) Zotov, New Zealand J. Bot. 1:125 (1963). 
Type: New Zealand: Mt Ida Range, Petrie s.n. (WELT holo). 

Rytidosperma buchananii (Hook, f.) Connor & Edgar 
Rytidosperma corinum Connor & Edgar 
Rytidosperma craigii (Veldk.) Linder, comb. nov. 

Basionym: Danthonia craigii Veldk. in Van Royen, The Alpine Elora of New Guinea 2: 
1172 (1979). Notodanthonia craigii (Veldk.) Veldk., Taxon 29: 298 (1980). Monostachya 
craigii (Veldk.) Jacobs, Taxon 31: 739 (1982). 

Type: Veldkamp 6472 (L, holo; A, K, LAE, NSW! iso). 

Rytidosperma dendeniwae (Veldk.) Linder, comb. nov. 

Basionym: Danthonia dendeniwae Veldk., Blumea 38: 218 (1993). 

Type: Papua New Guinea: Northern Province: Mt Suckling, Veldkamp & Stevens 
5768 (L, holo). 
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Rytidosperma dimidiatum (Vickery) Connor & Edgar 
Rytidosperma exiguum (Kirk) Linder, comb. nov. 

Basionym: Triodia exigua Kirk, Trans. Proc. N.Z.I. 14: 378 (1882); Danthonia exigua 
(Kirk) Zotov, Trans. Proc. Roy. Soc. New Zealand 73; 234 (1943), Pyrranthera exigua 
(Kirk) Zotov, New Zealand J. Bot. 1; 126 (1963). 

Type: New Zealand: Thomas River, Waimakariri, Kirk s.n. (WELT, holo). 

Rytidosperma fortunae-hibemae (Renvoize) Connor & Edgar 

Rytidosperma irianense (Veldk.) Linder, comb. nov. 

Basionym: Danthonia irianensis Veldk., Blumea 38: 218 (1993). 

Type: Irian Jaya: Carstensz, Carstensz Meadow, Hope ANU 10952 (L, holo, BO, CANB 
iso). 

Rytidosperma javanicum (Ohiui ex Veldk.) Linder, comb. nov. 

Basionym; Danthonia javanica Ohwi ex Veldk., Blumea 38: 219 (1993). 

Type: Java: Mt. Lawu, Afriastini 264 (L, holo; BO, K, P iso). 

Rytidosperma lechleri Steud. 

Rytidosperma maculatum (Zotov) Connor & Edgar 
Rytidosperma mamberamense (Jansen) Connor & Edgar 

Rytidosperma montis-wilhelmii (Veldk. & Fortuin) Linder, comb. nov. 

Basionym: Danthonia montis-wilhelmii Veldk. & Fortuin in Van Royen, The Alpine 
Flora of New Guinea 2:1172 (1979). Notodanthonia montis-wilhelmii (Veldk. & Fortuin) 
Veldk., Taxon 29: 298 (1980). Monostachya montis-wilhelmii (Veldk. & Fortuin) Jacobs, 
Taxon 31: 739 (1982). 

Type: van Balgooy 559 (L, holo; A, CANB!, LAE iso). 

Rytidosperma nardifolium (Veldk.) Linder, comb. nov. 

Basionym: Danthonia nardifolia Veldk. in Van Royen, The Alpine Flora of New Guinea 
2: 1174 (1979). Notodanthonia nardifolia (Veldk.) Veldk., Taxon 29: 298 (1980). 
Monostachya nardifolia (Veldk.) Jacobs, Taxon 31; 739 (1982). 

Type; New Guinea: Craven 3023 (L, holo; A, CANB!, LAE iso) 

Rytidosperma nitens (D. Morris) Linder, comb. nov. 

Basionym: Danthonia nitens D. Morris, Muelleria 7: 155 (1990). 

Type: Fletcher s.n. (HO 30982, holo!) 

Rytidosperma nivicolum (Vickery) Connor & Edgar 
Rytidosperma nudiflorum (P. Morris) Connor & Edgar 
Rytidosperma nudum (Hook, f.) Connor & Edgar 
Rytidosperma oreoboloides (F. Muell.) Linder, comb. nov. 

Basionym: Festuca oreoboloides F. Muell., Trans. Roy. Soc, Viet. 1: 39 (1889). Danthonia 
oreoboloides (F. Muell.) Stapf in Hooker, Ic. PL t. 2606 (1899). Monostachya oreoboloides 
(F. Muell.) Hitchcock, Brittonia 2: 107 (1936). Notodanthonia oreoboloides (F. Muell.) 
Veldk., Taxon 29: 298 (1980). 

Types: Papua New Guinea: Mt. Knutsford, MacGregor s.n. (K!, BM!); Mt Scratchley, 
12200 ft, 1896, Giulianetti s.n. (K, lecto!, MEL). 
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Rytidosperma paschalis (Pilger) Baeza 
Rytidosperma pauciflorum (R. Br.) Connor & Edgar 
Rytidosperma petrosum Connor & Edgar 
Rytidosperma pictum (Nees & Meyen) Nicora 

Rytidosperma pictum (Nees & Meyen) Nicora var. bimucronatum Nicora 
Rytidosperma pulchrum (Zotov) Connor & Edgar 
Rytidosperma pumilum (Kirk) Linder, comb. nov. 

Basionym: Atropis pumila Kirk, Trans. Proc. New Zealand Inst. 14: 379 (1882). Triodia 
piiinila (Kirk) Hack, ex Cheeseman, Manual New Zealand El.: 896 (1906). Danthonia 
kirkii Zotov, Trans. Proc. Roy. Soc. New Zealand 73: 234 (1943), non Danthonia pumila 
Nees. Eri/tbranthcra pumila (Kirk) Zotov, New Zealand J. Bot. 1: 124 (1963). 

Type: New Zealand: Macraes, Otago, Petrie s.n. (WELT holo). 

Rytidosperma setifolium (Hook, f.) Connor & Edgar 
Rytidosperma sorianoi Nicora 
Rytidosperma tenue (Petrie) Connor & Edgar 
Rytidosperma thomsonii (Buchanan) Connor & Edgar 
Rytidosperma vestitum (Pilg.) Connor & Edgar 
Rytidosperma violaceum (Desv.) Nicora 
Rytidosperma virescens (Desv.) Nicora 

Rytidosperma virescens (Desv.) Nicora var. parvispiculum Nicora 
Rytidosperma virescens (Desv.) Nicora var. patagonicum (Spegazzini) Nicora 
Rytidosperma viride (Zotov) Connor & Edgar 

Notodanthonia Zotov, New Zealand J. Bot. 1: 104 (1963). 

Type species: Notodanthonia unarede (Raoul) Zotov. 

Includes 28 species from New Zealand, Australia and Papua New Guinea. 
Notodanthonia acerosa (Vickery) Veldk. 

Notodanthonia alpicola (Vickery) Veldk. 

Notodanthonia auriculata (J.M. Black) Zotov 

Notodanthonia biannularis Zotov 

Notodanthonia bonthainica (Jansen) Linder, comb. nov. 

Basionym: Danthonia pilosa R. Br. var. bonthainica Jansen, Reinwardtia 2: 258 (1953). 
Notodanthonia penicillatua (R. Br) Zotov ssp. bonthainica (Jansen) Veldk., Taxon 29: 298 
(1980). Danthonia bonthainica (Jansen) Veldk., Blumea 38: 217 (1983). 

Type: Celebes: Peak on Bonthaim, Buennemeijer 11971 (BO, holo; L iso). 

Notodanthonia caespitosa (Gaud.) Zotov 
Notodanthonia carphoides (Benth.) Zotov 
Notodanthonia clavata Zotov 
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Notodanthonia diemenica (D.F. Morris) Linder, comb. nov. 

Basionym: Danthonia diemenica D. Morris, Muellera 7: 153 (1990). 

Type:Tasmania: Ouse River, Wild Dog Plains, Moscal 1292 (HO 65782, holo!). 

Notodanthonia duttoniana (Cashmore) Veldk. 

Notodanthonia eriantha (Lindl.) Veldk. 

Notodanthonia fulva (Vickery) Linder, comb. nov. et stat. nov. 

Basionym: Danthonia linkii Kunth van fidva Vickery, Contrib. New South Wales Nat. 
Herb. 1: 299 (1950); Rytidosperma linkii van fnlvtim (Vickery) Connor & Edgar, New 
Zealand ]. Bot. 17: 332 (1979); Notodanthonia bipartita (Link) Veldk. var. fidva (Vickery) 
Veldk., Taxon 29: 296 (1980). 

Type: New South Wales: Flemington, Vickery s.n., 31 Mar 1929 (NSW 1573!, holo, 
Ki, iso). 

Notodanthonia geniculata (J.M. Black) Zotov 
Notodanthonia induta (Vickery) Veldk. 

Notodanthonia laevis (Vickery) Zotov 
Notodanthonia linkii (Kunth) Linder, comb. nov. 

Basionym: Danthonia linkii Kunth, Enum. PI. 1: 315 (1833); Rytidosperma linkii (Kunth) 
Connor & Edgar, New Zealand J. Bot. 17: 332 (1979); Avena bipartita Link, Hort. Reg. 
Bot. Berol. 1:113 (1827) non Danthonia bipartita F. Muell. (1859). Type: Not specified, 
but probably based on plant cultivated at Berlin. No type seen or noted by Vickery. 
Danthonia pallida var. subracemosa Bentham, FI. Austral. 7: 593 (1878). 

Type: Australia: MaCleay River, Beckler (K, lectol), Warwick, BeckleriKl). 

Notodanthonia mera (Connor & Edgar) Linder, comb. nov. 

Basionym: Rytidosperma meriim Connor & Edgar, New Zealand J. Bot. 17: 328 (1979). 
Type: New Zealand: Marlborough, Williams CHR 309413 (CHR, holo). 

Notodanthonia monticola (Vickery) Veldk. 

Notodanthonia occidentalis (Vickery) Veldk. 

Notodanthonia oreophila (Linder & Walsh) Linder, comb. nov. 

Basionym: Rytidosperma oreophilum Linder & Walsh, Muelleria 8: 283 (1995). 

Type: Australian Capital Territory: slopes of Mt Gingera, Bimberi Range, Pullen 3041, 
24 ]an 1962 (CANB, holo!, NSW, L, A, K, NE, MEL, BO, iso) 

Notodanthonia penicillata (Labill.) Zotov 

Notodanthonia pilosa (R. Br.) Zotov 

Notodanthonia popinensis (D. Morris) Linder, comb. nov. 

Basionym: Danthonia popinensis D. Morris, Muelleria 7: 157 (1990). 

Type: Tasmania: 0.5 km N of Kempton, Morris 8556 (HO 92651 holo!; AD, NSW! iso). 

Notodanthonia racemosa (R. Br.) Zotov 

Notodanthonia racemosa (R. Br.) Zotov var. obtusata (F. Muell.) Veldk. 
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Notodanthonia remota (D. Morris) Linder, comb. nov. 

Basionym; Danthonia remota D. Morris, Muelleria 7; 160 (1990). 
Type:Tasmania: summit of Hibbs Pyramid, Buchanan 2878 (HO 91392, holo!) 

Notodanthonia richardsonii (Cashmore) Veldk. 

Notodanthonia setacea (R. Br.) Veldk. 

Notodanthonia tenuior (Steud.) Conert 
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Appendix 

Characters used for phylogenetic analysis. Multistate characters are not additive (i.e. they 
are unordered) unless indicated to the contrary. 

1. Innovation buds: intravaginal (0); extravaginal (1). 

2. Leaf-blades: persistent (0); disarticulating (1). 

Leaf-blades with distinct disarticulations are common in Cliioiwchloa (Connor 1991, Linder 
in prep.), but are rare in the rest of the danthonioid grasses. A disarticulation line is best 
seen on carefully prepared herbarium specimens, in which the basal leaves have not 
been removed. Leaf-blade disarticulation is also found in a number of Rylidosperma 
species, and was used for the determination of New Zealand species of the genus 
(Connor & Edgar 1979). 

3. Inflorescence branches: more or less spreading (0); erect, inflorescence narrowly linear (1). 

In most sjaecies, the inflorescence branches, at least at anthesis, are spreading. Erect 
inflorescence branches hug the central rhachis of the inflorescence, thus forming a linear 
inflorescence that approaches a raceme. 

4. Cleistogenes: absent (0); present (1). 

The presence of cleistogenes in the sheaths of the culm leaves has been reported and surveyed 
by Chase (1918), Dobrenz and Beetle (1966) and Clay (1983). This is restricted to Danthonia s.s., 
while Rytidospenna often has cleistogamous florets, distinct by the smaller anthers which 
dehisce while entangled within the stigmas of the unopened flowers (Vickery 1956). 

5. Glumes: shorter than the florets (0); longer than the florets (1). 

6. Callus: small (0); massive (1). 

A massive callus is defined as constituting more than 70% of the combined callus and 
rhachiUa length (Fig. 4: R, U). 

7. RhachiUa length relative to the lemma: lemma/rhachilla < 5.8 (0); > 5.8 (1). 

This character is somewhat, but not completely, correlated to the previous character. This 
measures the degree of development of the rhachilla. Plotting the available measurement 
data shows a clear interval at ca. 5.8 (Fig. 4: Q-W). 

8. Lemma lobes, excluding the setae: shorter than lemma (0); as long as lemma (1); longer 
than lemma (2)Iadditive]. 

These intervals in what is effectively a continuous character were chosen for convenience, 
as the states are easy to observe. A ratio was preferred over absolute measurements to 
avoid variation in spikelet size from influencing the result unduly. 

9. Lemma lobe fusion to the central awn: absent (0); partial (1); complete (2)[additive]. 

The 'standard' lemma structure in the danthonioid grasses is a bilobed lemma, bearing an 
awn from the sinus (De Wet 1956). However, in four groups of probably unrelated taxa 
the lemma is entire, without lobes, the lemma apex acute or continuing into a short awn: 
Prionanthiuw (Davidse 1988), Tribolium (Linder and Davidsein prep.), Monostachya (Jacobs 
1982) and some species of Pentaschistis (Linder & Elhs 1990). We interpret the formation of 
this type of lemma as the fusion of the lemma lobes with the awn column. Intermediate 
conditions can be readily found: Schismus, especially S. pkiiwpogon (Conert & Tiirpe 
1974), and several species of Rytidospenna. In these taxa there is a partial fusion of the 
lemma lobes with the awn column. Associated with the fusion of the lemma lobes with 
the awn column is the loss of the awn limb (Fig. 4: A-G). 

10. Lemma sinus: acute (0); rounded (1). 

11. Lemma lobe setae: longer than lobe (0); equal (1); shorter than lobe (2); absent 
(3)[additive]. 
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12. Lemma indumentum on back; absent (0); scattered (1); tufted, at least top row 
(2)[nonadditive]. 

Abaxial lemma surface indumentum has been central in the controversies surrounding 
the generic delimitation within the Dantiwnia-Rytidosperma group of danthonioid 
species. We distinguish firstly between marginal hairs, which are usually visible as a 
long, continuous line along the lemma margins (Fig. 4: A), and abaxial lemma surface 
indumentum (Fig. 4: B-G). The latter is either scattered, generally in internerve rows 
(Fig. 4: E), or more or less tufted (Fig. 4: B-D, G). As noted by Jacobs (1982), there are 
intermediate forms. We regard the indumentum as tufted if tufts formed along the 
upper margin of the indumentum. At one extreme all indumentum is grouped into 
compact tufts, arranged into two transverse rows. These tufts are located between the 
nerves, resulting in 10 tufts if the row is complete. In several taxa only marginal 
(Fig. 4: D), or marginal and central (Fig. 4: B), tufts are present. The lower row is often 
diffuse, or may not be developed at all. When only the marginal tufts of the upper and 
lower row are present, this approaches the situation described as marginal hairs, but 
may be distinguished by the presence of two, rather than a single, marginal tuft (cf. 
Fig. 4: A, D). We made our observations on whole-mounts of the lemmas, using 
transmitted light — it may be more difficult to distinguish the different states using 
incident light on unstained material. 

13. Lemma indumentum lower row: complete (0); only lateral tufts present (1). 

14. Lemma lower indumentum row: tufted (0); diffuse (1). 

15. Lemma indumentum below the upper row: forming a short felt (0); longer 
and straggly (1). 

16. Lemma indumentum upper row: complete (0); lateral and dorsal tufts (1); two lateral 
tufts (2); only lateral tufts (3)[nonadditive]. 

17. Lemma indumentum lateral strips; absent (0); present (1). 

18. Upper lemma tufts: longer or equal to lobes (0); shorter than lobes (1). 

19. Lemma awn: absent or very short (0); long (1). 

Lemma awns are rarely totally absent, but there is a clear interval between awns which 
are generally shorter than the lobes (Fig. 4: E), as compared to well developed awns, much 
exceeding the lemma lobes. For the purposes of this character, the awns were not divided 
into the basal columns and the apical setae. 

20. Lemma awn: longer than the lemma setae (0); shorter or as long as the setae (1). 

21. Palea keels: not reaching apex (0); reaching apex (1). 

Palea keels stopping short of the palea apex appears to be a synapomorphy of the 
Pentaschistis clade, and is associated with almost straight, glabrous or sparsely scabrid 
keels. In the rest of the danthonioid grasses the keels are strongly developed and dilate, 
with margins incurved. These keels are sinuose, curving outwards in the middle, 
especially when the caryopsis is mature. 

22. Palea length: = lemma (0); » lemma (1). 

23. Palea shape: narrow, less than 1/3 as wide as long (0); broad, at least 1/3 as wide 
as long (1). 

24. Palea keels: glabrous to sparsely scabrid (0); densely scabrid or dilate (1). 

25. Palea keels: straight (0); curved (1). 

26. Palea midcells: rectangular (0); inflated (1). 

Generally the epidermal cells in the middle of the palea are rectangular, similar to the 
cells in other parts of the plants. However, in a few species of Rytidosperma the cells are 
inflated, and look quite distinct in surface view. 
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27. Palea flaps: glabrous (0); hairy (1). 

The palea indumentum may be separated into two characters. The first character (27) describes 
the presence of long hairs between the palea margin and the keels. This indumentum is 
somewhat variable: in some species only a few hairs are present, while in others a dense 
indumentum may be formed. In very few species is the presence or absence of this 
indumentum variable. The second character (28, below) describes the presence of an 
indumentum bebveen the keels. Almost invariably, this indumentum is located in the lower 
half of the palea, often as a small hairy patch (Fig. 4: U). 

28. Hairs between palea keels: absent (0); scattered (1). 

29. Lodicule apex: truncate (0); lobed (1); tri-lobed (2)[nonadditive]. 

Lodicule shape and indumentum was surveyed by Tomhnson (1985), and our observations 
are consistent with her results. Observations have to be made at anthesis, as lodicule shape 
changes from before to after anthesis. Care has to be taken with observations on lodicule 
indumentum, as the bristles and microhairs appear to be readily lost on worn lodicules. 
Tlie density of the lodicule indumentum is somewhat variable between species, but not 
enough observations have been made to allow this character to be used (Fig. 4: M-P). 

30. Lodicule microhairs: absent (0); present (1). 

31. Lodicule bristles: absent (0); present (1). 

32. Anthers: white to orange (0); red (1). 

The three species of ]oycea are readily distmguished by their large, red anthers. For neither 
colour nor size is there an absolute interval between Joycea and the other groups, but the 
combination appears to be unique. However, for a number of species there are no 
observations on the anther colour. This character needs a more comprehensive survey, 
which would have to be based on live plants. 

33. Hilum shape: linear (0); punctiform (1). 

The shape of the hilum was used by Zotov (1963) to delimit Rytidospenna, but his reliance 
on this character was critized by Blake (1972) and Jacobs (1982). It is a complex character 
(Fig. 4: H-L), composed of the actual shape, as well as the length of the hilum relative to 
the total caryopsis length. In general, in Rytidosperma the hilum is less than 40% of the 
length of the caryopsis. In Danthonia and Plinthanlhesis the hilum is distinctly linear (Fig. 4: 
I, j), in most species of Rytidosperma it is ovate (Fig. 4: K, L), while in some species (especially 
in Knrroochloa and Schismtis (Conert and Tiirpe 1969,1974)) it is punctiform. We coded the 
relatively short, ovate or punctiform hila as 'punctiform'. The hila of joycea are intermediate 
in shape and length. 

34. Leaf in transverse section: non nodular (0); nodular (1). 

35. Islands of colourless cells: absent (0); present (1). 

These islands are situated in the chlorenchyma between the vascular bundles, and are 
variable in shape (Fig. 5: K). Care has to be taken to distinguish islands from holes in the 
chlorenchyma resulting from poor preservation or careless sectioning. 


Fig. 4. (left) Variation in floret and caryopsis morphology. A-G: abaxial lemma surfaces, showing 
variation in indumentum patterns, venation patterns, and the development of awns and setae. 
A, Danthonia unispicata (Crampton 1999); B, Notodanthonin penicitlata (Pullen 3034); C, N. alpicola 
(Craven 1633); D, Rytidosperma nitens (Moscal 1283); E, Plinthanthesis paradoxa (Austin 20); 
F, Notochtoe microdon (Linder 5633); G, Knrroochloa tcnclla (Compton 2882). H-K: outline of caryopsis, 
indicating the hilum shape and size. H, R. corinum (Dmce CHR 402035); I, Notochloe microdon 
(Vickery NSW 18041); J, D. nipinn (Richter 336); K, T. longifolia (McKee 9701); L, P. paradoxa (Ingwerson 
s.n.). M-P: lodicule morphology, indicating the general shape, from cuneate to tliree-lobed, venation 
patterns, and indumentum of micro- and macrohairs. M, Notochloe microdon (Linder 5633); N, R. 
nitens (Moscal 1283); O, D. unispicata (Crampton 1999); P, N. penicillata (Pullen 3034). Q-W: view of 
outside of palea, including callus and rhachUla intemode. Q, Notochloe microdon (Linder 5633); R, N. 
pcniciUnta (Pullen 3034); S, R. nitens (Moscal 1283); T, R. thomsonii (MacMillan p567); U, N. tenuior 
(Linder 5587); V, P. paradoxa (Austin 20); W, D. unispicata (Crampton 1999). Scale bar = 1mm. 
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36. Metaxylem vessels; small (0); large (1). 

Metaxylem vessels are coded as small if they are less than 1/5 of the diameter of the 
vascular bundles. Variation in the relative size of the metaxylem vessels is continuous: this 
particular interval was chosen to maximise the informativeness of the character. 

37. Bulliform cells: absent (Fig. 5: A, D, K) (0); flanking midvein (Fig. 5: G) (1); ubiquitous 
(2)fadditive]. 

38. Abaxial epidermal thickening: absent (Fig. 5: I, L) (0); slight (1); extreme (Fig. 5: C) 
(2)[additivel. 

39. Sclerenchyma cap; small (0); large (1). 

A sclerenchyma cap appears to be consistently present in all danthonioid species. However, 
the degree of development of the cap varies: large caps are generally wider than the costal 
regions and, when well developed, are visible on the leaf margin as a narrow hyaline 
strip. This character is not visible where a continuous subepidermal sclerenchyma layer is 
present, but tliis is very rare in the Rytidospenna group. 

40. Number of primary vascular bundles (from margin to and including midvein); 1-3 (0); 
4-6 (1). 

This counts as the midvein and the number of primary vascular bundles in half the leaf. 
It is partially a measure of the width of the leaf. 

41. Macrohairs: absent (0); present (Fig. 5: H) (1). 

42. Abaxial silica; costal similar to intercostal silica (Fig. 5: C) (0); costal different from 
intercostal silica (1). 

43. Abaxial costal silica: saddle shaped (Fig. 5: I) (0); cork silica pairs (Fig. 5: C) (1). 

44. Intercostal silica bodies: rounded (0); elongated/kidney shaped (1). 

45. Abaxial microhair apical cell (a) to basal cell (b) length ratio: a/b>2 (0); 
1 < a/b < 2 (Fig. 5:1, L) (1); a/b < 1 (2)[addi«ve]. 

46. Abaxial stomata: absent (0); present (Fig. 5:1) (1). 

47. Abaxial prickles: absent (0); present (Fig. 5: H, I, K) (1). 

48. Adaxial papillae: absent (0); present (1). 

Adaxial papillae (Fig. 5: B, E) are commonly present and variable in shape and size in 
Chionochloa (Linder in prep). However, it is only sporadically present in Rytidospenna, 
and not variable in shape. Papillae also occur sporadically in several other genera of the 
danthonioid grasses. 

49. Chromosome number: diploid (0); tetraploid (1); hexaploid (2)[additive]. 

Tliis is based on the chromosome counts of Brock and Brown (1961), Bowden and Senn 
(1962), Gould (1958), Calder (1937) and Spies et al. (1992). All numbers are based on .r = 6. 
Taxa were scored as diploid if the chromosome numbers are in multiples of 12, tetraploid if 
in multiples of 24, and hexaploid if in multiples of 36. This coding system was employed to 
detect different 'basal' numbers for different genera of danthonioid grasses. Unfortunately, 
several critical genera (e.g. Plinthanthesis) are still unknown cytologically. Tlie count of n = 10 
for Rytidospenna oreoboloides (Borgman 1964) was ignored, as it has not been corroborated. 


Fig. 5. (right) Leaf anatomy of four species, displaying tlie major variation in the study group. A, B, 
D, E, G, H, J, K: transverse sections; C, F, I and K: adaxial epidermis. Sclerenchyma indicated by 
black shading. A-C; Rytidospenna montis-wilhelmii (Mclean & Wade 7285), note the silica bodies are 
all round, with no differentiation between the costal and intercostal zones. D-F: R. pauciflora (Linder 
5688), note small metaxylem vessels. G-I: Notodaiithonia pilosa (Linder 5571), note the macrohairs, 
unfurrowed leaves, numerous stomata. J-L: Ptinthanthesis rodwayi (Linder 5623), note the islands of 
colourless cells between the vascular bundles, and the rounded ridges on the leaves. Scale bar = 0.1 
mm, except for G and J, where it is 1 mm. 
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Table 1. Distribution of character states among the taxa. Unknown characters are indicated 
by inapplicable characters by and polymorphic characters by 
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10100 

OHIO 

1 1011 

1001 

N. davata 

10101 

11200 

1200 - 

10110 

10011 

7*001 

10710 

12111 

11001 

100 ? 

N. diemenica 

00001 

10100 

2200 - 

00010 

11111 

7 * 011 

10100 

11010 

0170 ? 

000 ? 

N. duttoniana 

00001 

11100 

0200 - 

00110 

11111 

00001 

10101 

11111 

01010 

1001 

N. eriantha 

00001 

11100 

0200 - 

00*10 

10111 

11001 

10100 

OHIO 

1 1011 

100 * 

N. fulva 

00001 

11200 

2201 1 

00110 

1101 1 

01101 

10100 

12100 

0101 1 

100 * 

N. genkulata 

00001 

11200 

2201 1 

001 11 

11111 

71101 

10100 

011 10 

non 

1001 

N. induta 

00001 

11200 

22071 

00110 

1 101 1 

71*01 

10100 

12110 

11011 

1001 

N. laevis 

00001 

11100 

* 210 - 

00110 

11111 

70001 

10110 

11201 

non 

1001 

N. linkii 

00001 

11200 

2201 1 

00010 

non 

01101 

10100 

12110 

1 ???? 

0001 

N. mera 

10001 

11000 

0210 - 

20110 

11011 

-0001 

1 0700 

12010 

non 

100 ? 

N. monticola 

00001 

11200 

2200 - 

00111 

11111 

71101 

10100 

00110 

non 

1001 

N. penidllata 

10101 

11200 

2200 - 

10110 

11011 

00001 

10100 

11111 

01011 

1001 

N. pilosa 

00001 

11100 

0200 - 

10110 

10011 

00001 

10110 

11111 

11011 

1001 

N. racemosa 

10100 

11100 

2200 - 

10110 

11011 

70001 

10100 

02010 

*1011 

1001 

N. setacea 

00001 

11000 

1200 - 

00110 

11111 

71001 

10100 

01100 

non 

1001 

Notochloe microdon 

10000 

01020 

30 - 

- 0 - 0 - 

non 

00010 

10001 

11100 

01011 

100 ? 

Plinthanthesis paradoxa 00000 

00010 

31-10 

- 0 - 0 - 

11011 

01100 

00001 

10100 

0101 1 

100 ? 

P. rodwayi 

00001 

00010 

31-10 

- 0 - 0 - 

11011 

01100 

00701 

12201 

01011 

000 ? 

Pentaschistis curvifolia 

00001 

01000 

01-1 1 

o 

1 

o 

1 

00000 

00100 

00000 

12101 

00110 

0000 

Rytidosperma australe 

01000 

00020 

30 — 

- 0 - 0 - 

10011 

10000 

00100 

00000 

01000 

001 ? 

R. buchanar^ii 

0100 ? 

00010 

2200 - 

00110 

17011 

10001 

1 0700 

00200 

01001 

000 * 

R. corinum 

01001 

00100 

0200 - 

10110 

non 

00001 

70100 

00100 

0107 - 

001 ? 
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5 

10 

15 20 

25 

30 

35 

40 

45 


R. craigii 

01000 

00020 

3210- 20110 

11011 

00001 

1 0700 

00210 

1110- 

001? 

R. dimidiatum 

01001 

01000 

1200- 00110 

11011 

10001 

10100 

01100 

11010 

100? 

R. exiguum 

0000* 

00020 

3210- 2010- 

10011 

01011 

10100 

00200 

01071 

101? 

R. fortunae-hibernae 

00001 

00100 

2210- 00010 

11011 

71001 

10100 

00100 

non 

000? 

R. maculatum 

01001 

00000 

2200- 00110 

1 1011 

01001 

1 0700 

00100 

11071 

100? 

R. montis-wilhelmii 

01000 

00010 

7210- 20110 

71071 

70001 

70700 

00201 

0010- 

001? 

R. nardifolium 

01001 

00010 

0210- 20110 

11011 

70001 

*0700 

10200 

0010- 

001? 

R. nitens 

0100* 

00010 

2210- 20110 

10111 

10001 

10100 

01100 

01010 

100? 

R. nivicolum 

0100* 

00010 

*210- 10110 

11111 

710*1 

10100 

10200 

01 lo¬ 

0011 

R. nudiflorum 

0100* 

00110 

1210- 20110 

11011 

71101 

10100 

00271 

on— 

0071 

R. nudum 

01001 

0001 0 

3210- 00110 

1101 1 

-*001 

00700 

00110 

01001 

001? 

R. oreoboloides 

01000 

00020 

3210- 2010- 

1 101 1 

70001 

*0100 

00200 

0010- 

0011 

R. pauciflorum 

01001 

00100 

2200- 00010 

11011 

10021 

10100 

00200 

0100- 

0017 

R. petrosum 

01001 

00200 

2200- 10110 

11011 

01001 

1 0700 

00200 

0107- 

101? 

R. pictum 

00001 

00100 

1200- 00010 

11011 

70101 

10700 

0210? 

1100? 

100? 

R. pulchrum 

01001 

00000 

2200- 00010 

11010 

0000? 

10100 

07100 

01071 

001? 

R. pumilum 

0100* 

07020 

3200- 0010- 

10011 

707 1 ? 

00700 

00200 

0077- 

001? 

R. setifolium 

01001 

00100 

2200- 00010 

11001 

711?? 

70170 

00100 

017-7 

0011 

R. tenue 

00001 

11200 

2200- 00010 

10011 

01101 

10*00 

11101 

01010 

100* 

R. thomsonii 

0100* 

00020 

22 1 0- 201 1 0 

non 

00000 

1 0700 

00200 

00111 

000? 

R. vestitum 

00001 

00200 

2200- 00010 

1101 1 

71111 

10100 

00200 

01101 

001? 

R. vickeryae 

00000 

00010 

32-0- 20110 

11011 

00021 

1 0700 

00100 

0100- 

001 1 

R. virescens 

00001 

00100 

2200- 00010 

non 

0100? 

10100 

10110 

1000? 

100? 

R. viride 

01001 

00200 

2200- 00010 

non 

71101 

10100 

10100 

0001 1 

101? 

Schismus barbatus 

00000 

0001 0 

31-11 -1-0- 

1*101 

00*01 

10170 

10100 

01011 

*100 

S. inermis 

00000 

00010 

31— -1-0- 

10111 

01101 

10100 

10100 

0101- 

0100 

Thonandia gracilis 

10001 

00200 

72-10 00010 

71071 

7010? 

1 0700 

12100 

01011 

1001 

T longifolia 

00001 

00200 

12-10 00010 

non 

71111 

10100 

12100 

01010 

0001 

T nigricans 

1000? 

00200 

22-10 00010 

17011 

0001 1 

1 0700 

12101 

0101 1 

1001 

T. unarede 

10001 

00200 

22-0- 00110 

1 101 1 

01011 

10100 

11110 

11070 

100? 

Tribolium hispidum 

00001 

01020 

30- -1-0- 

1 0001 

7*101 

*0100 

10100 

11100 

1000 

T. pusilla 

0000* 

07020 

30- -1-10 

1 1001 

-1000 

00700 

1 2000 

11170 

100? 

T. uniolae 

1 0000 

01020 

30-11 -1-0- 

10001 

71001 

10100 

12*00 

*1**0 

1001 
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Systematics of Xanthorrhoeaceae sensu lato: 
evidence for polyphyly 

Paula Rudall and Mark W. Chase 


Abstract 

Rudall, Paula and Chase, Mark W. (Jodrell Laboratory, Royal Botanic Gardens, Kew, Richmond, Surrey 
TW9 3DS, United Kingdom) 1996. Systematics of Xanthorrhoeaceae sensu lato: evidence for polyphyly. 
Telopea 6(4): 629-647. This paper reviews the systematics of the ten genera of Xanthorrhoeaceae 
sensu lato in the light of significant new anatomical and molecular data which indicate that it is 
a polyphyletic assemblage. Dasypogon, Calectasia, Kingia and Baxteria belong together in 
Dasypogonaceae in the commelinoid clade, rather than with the other genera in the order 
Asparagales (LUianae). Xanthorrhoea is taxonomically isolated and correctly placed in a monotypic 
family Xanthorrhoeaceae. The family Lomandraceae should include Acanthocarpus, Chamaexeros, 
Lomandra, Xerolirion and Romnalda (not Baxteria), together with other genera (the arthropodioids). 


Introduction 

Ten genera (Table 1) were listed in Xanthorrhoeaceae sensu lato in the Flora of 
Australia (1986). For convenience, this grouping followed Cronquist (1981) and 
Hutchinson (1934), although as several authors (e.g. Waterhouse 1967, Staff & 
Waterhouse 1981) have indicated, the genera concerned form two or three natural 
groupings which are probably not related at the family level. Dahlgren et al. (1985) 
referred six of them to a separate family, Dasypogonaceae, and Calectasia to a 
monotypic family Calectasiaceae, leaving only Xanthorrhoea in Xanthorrhoeaceae, 
although they retained the whole group in the same order, Asparagales (Table 2). 
Romnalda and Xerolirion were described recently and have not been included in most 
treatments. Brummitt (1992), following recommendations from Bedford, listed six of 
the genera as belonging to Lomandraceae Lotsy. Many species of Xanthorrhoea, Kingia 
and Dasypogon are trees or shrubs with remarkably similar vegetative morphology, 
although Xanthorrhoea has a complex 'spike' inflorescence and Kingia and Dasypogon 
have capibilate inflorescences. The other genera are mainly fibrous herbs, with varying 
inflorescence morphology (Table 3). 

A review of the systematics of this group is timely in the light of significant new 
data, both anatomical (Rudall & Caddick 1994, and this paper) and molecular (rbcL: 
Chase et al. 1995a) which indicate that Dasypogon, Calectasia, Kingia and Baxteria 
belong to the commelinoid clade, rather than with Xanthorrhoea and Lomandra in 
Asparagales. The commelinoid clade (Chase et al. 1993), which includes the grasses, 
sedges, rushes, palms and gingers, is fairly well supported (Chase et al. 1995a, 1995b), 
although some analyses exclude the gingers (Stevenson & Loconte 1995). There are 
several characters that distinguish it more or less effectively from other monocots 
(including Asparagales), such as cell wall fluorescence (Rudall & Caddick 1994), 
stomatal type, surface waxes and silica (largely a commelinoid character). 
Furthermore, a secondary thickening meristem distinguishes several groups within 
the asparagoids and is restricted to the asparagoid clade among monocots, although 
not present in all (Rudall 1995). These characters are reviewed here, together with 
other characters of systematic significance in the group, such as pollen (Chanda & 
Ghosh 1976) and ovules (Rudall 1994) (Table 4). 
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Table 1. Genera of Xanthorrhoeaceae sensu lato 


Genus 

Publication year 

No. spp. 

Distribution 

Acanthocarpus Lehm. 

1846 

7 

SW Australia 

Baxteria R.Br. ex Hook. 

1843 

1 

SW Australia 

Calectasia R.Br. 

1820 

3 

SW & S/E Australia 

Chamaexeros Benth. 

1878 

3 or 4 

SW Australia 

Dasypogon R.Br. 

1810 

3 

SW Australia 

Kingia R.Br. 

1825 

1 

SW Australia 

Lomandra Labill. 

1804 

50 

Australia, New Guinea (2), 
New Caledonia (1) 

Romnalda P. Stevens 

1978 

3 

New Guinea (1), 
Queensland (2) 

Xanthorrhoea Smith 

1798 

28 

Australia 

Xerolirion A.S. George 

1986 

1 

SW Australia 


Material and methods 

The slides made for Fahn's (1954,1961) investigations are present in the slide collection 
at the Royal Botanic Gardens, Kew (labelled below as F). In addition, some slides 
were prepared for this investigation from dried material in the Kew Herbarium (K) 
and from fixed material collected by one of us (PJR) in Australia, for which voucher 
specimens are deposited in the Western Australian Herbarium (PERTH) and the 
National Herbarium of New South Wales (NSW). 

Acanlhocarpus Lehm.: A. preissii Lehm. (F: 2 specimens; & K: Melville 71, Cranfield 160). 

Baxteria R.Br. ex Hook.: B. australis R.Br. (F; & K: Mann 122, Melville 4463). 

Calectasia R.Br.: C. cyanea R.Br. (F; & PERTH: Rudall 37 & 41; & K: Morrison s.n.). 

Chamaexeros Benth.: C. fimbriata (F.Muell.) Benth. (K: Wilson 8715), C. serra (Endl.) 
Benth. (F; & K: Armstrong 85/134). 

Dasypogon R.Br.: D. bromeliifolius R.Br. (F; & PERTH: Rudall 32), D. hookeri J.L. 
Drumm. (F; & PERTH: Rudall 29), D. oblicpiifolius Lehm. (K: Mann & George 76). 

Kingia R.Br.: K. australis R.Br. (F; & PERTH: Rudall 30; & K: Morrison 8287). 

Lomaudra Labill.: (F: 29 species, including L. collina (R.Br.) Ewart, L. obliqua), L. hastilis 
(R.Br.) Ewart (PERTH: Rudall 44), L. preissii (Endl.) Ewart (PERTH: Rudall 19). 

Romnalda P.Stevens: R. grallata R.Henderson (K: Henderson & Clarkson H2640, 
Clarkson 3648), R. papuaua (Lauterb.) P. Stevens (K; J.Van Dijk 24). 

Xautlwrrlioea Smith: several species, including X. australis (F; & K: NGW 3013). 

Xerolirion A.S.George: X. divaricata (K: A.S. George 14321). 

Field-collected material was fixed in formalin acetic alcohol (FAA) and stored in 
70% alcohol. Herbarium material was boiled in water to rehydrate it. For light 
microscope (LM) observations, sections of leaves and stems were cut using a Reichert 
sliding microtome, stained with safranin and Alcian blue, dehydrated through an 
alcohol series to 100% alcohol, then Histoclear, then mounted on microscope slides 
in Euparal. Photomicrographs were taken using a Leitz Diaplan photomicroscope. 
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Table 3. Inflorescences and flowers (Bedford et al. 1986, Stevens 1978, Waterhouse 1967) 


Genus 

inflorescence 

flowers 

tepals no. 

ovules per locule 

Acanthocarpus 

cymose clusters 
or racemes 

bisexual 

petaloid 

1 

Baxteria 

single flowers 

bisexual 

petaloid 

1 

Calectasia 

single flowers 

bisexual 

scarious, 
but colourful 

1 

Chamaexeros 

cymose panicles 

bisexual 

petaloid 

2 

Dasypogon 

capitulum 
(with 4-flowered 
clusters) 

bisexual 

dry & glumaceous 

1 

Kingia 

capitulum 
(derived from 
simple raceme 
or spike) 

bisexual 

dry, scarious 

1 

Lomandra 

cymose clusters 
or spikes/ single 
flowers 

mostly 

unisexual 

petaloid 

1 

Romnalda 

cymose clusters 

bisexual 

petaloid 

2 

Xanthorrhoea 

spike (based on 
contracted cymes) 

bisexual 

outer 3 dry, 
scarious, inner 

3 petaloid 

several 

Xerolirion 

solitary (f), cymes (m) 

unisexual 

petaloid 

1 


Table 4. Information on pollen (Chanda & Ghosh 1976) and ovule structure (Rudall 1994 
and unpublished) 


Genus 

pollen 

pollen surface 

micropyle 

embryo sac 
& nucellus 

Acanthocarpus 

sulculate 

punctitegillate 

unknown 

unknown 

Baxteria 

large, 

complex 

'unipantocolpate' 

reticulate 

unknown 

unknown 

Calectasia 

sulcate (3 
parallel opercula) 

reticulate 

oi & ii 

es small, with massive 
storage nucellus 

Chamaexeros 

sulculate 

negatively reticulate 

ii only 

chalazal dermal cells of 
nucellus enlarged; 
giant antipodals 

Dasypogon 

sulcate 

punctate to scrobilate 

oi & ii 

es small, with massive 
storage nucellus 

Kingia 

extended-sulcate 

punctate/psilate. 

oi & ii 

unknown 

Lomandra 

sulcate, 

spiraperturate, 

irregular 

spinulose, 
echinate, 
reticulate etc 

ii only 

chalazal dermal cells of 
nucellus enlarged; 
giant antipodals 

Romnalda 

unknown 

unknown 

ii only 

chalazal dermal cells of 
nucellus enlarged; 
giant antipodals 

Xanthorrhoea 

extended-sulcate 

reticulate 

ii only 

hypostase present; 
thick micropylar 
nucellar 'beak' 

Xerolirion 

unknown 

unknown 

unknown 

unknown 


ii = inner integument, oi = outer integument, es = embryo sac 
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For silica analysis, thick leaf sections were dried using a Balzers CPD 020 critical 
point drier, then mounted onto stubs and carbon-coated using a Fisons TB 500 
Temcarb carbon coater. They were then examined using a Link Analytical QX 2000 
X-ray analyser and a Cambridge Instruments Stereoscan 240 SEM. 


Results 

Secondary thickening meristem (STM) 

Radially-aligned vascular bundles, derived from an STM, are present in the woody 
underground rhizome of several species of Lomandra (Fig 2a), including L. confertifolia, 
L. filifontiis, L. juncea, L. obiiqiia and L. preissii. Fahn (1954) also reported an STM in 
Lomandra, but the observation has been discounted by some authors because the 
genus is herbaceous. Xanthorrhoea also has an STM, but an STM is lacking in Kitigia 
and Dasypogon (Waterhouse 1967). 

Leaf anatomy 

In previous anatomical works on this group, Fahn (1954, 1961) described the leaf 
anatomy of Acanthocarpus preissii, Baxteria australis, Calectasia (two species), 
Chamaexeros, (two species), Dasypogon (two species), Kingia australis, Lomandra (33 
species) and Xanthorrhoea (12 species). Staff (in Stevens 1978) described the leaf 
anatomy of Romnalda papnana. Detailed descriptions are therefore not given here, 
but taxonomically significant characters are presented (Table 5). 

Leaf surface Surface waxes are generally present but not oriented in parallel lines or 
long wax ribbons in any of the genera. 

Branched hairs occur on the leaf of Calectasia (Fig. 3c), especially at the margins, and 
in Dasypogon large multicellular epidermal structures are present at the leaf margins, 
sometimes extending into branched hairs. Baxteria and Kingia apparently lack hairs on 
most of the leaf, although long multicellular hairs are present at the leaf bases in 
Kingia. Unbranched unicellular hairs (papillae) are present surrounding stomata in 
Xerolirion and also in species of Acanthocarpus, Chamaexeros, Lomandra and Xanthorrhoea. 

Acanthocarpus, Chamaexeros, Lomandra and Xerolirion (Fig. 4c) have anomocytic stomata 
and elongated epidermal cells (typical of Asparagales), although in Lomandra 
(Tomlinson 1974) paracytic or tetracytic types are sometimes present, formed by 
oblique cell divisions. In Lomandra preisii a typical agenous ontogeny was observed 
(Fig. la), which leads after cell elongation to the anomocytic type, although sometimes 
with oblique end walls. Baxteria, Kingia (Fig. 3a) and Xanthorrhoea have paracytic/ 
tetracytic stomata; Tomlinson (1974) recorded oblique cell divisions in Xanthorrhoea, 
but Baxteria and Kingia are still unknown in this respect. Calectasia and Dasypogon 
closely resemble each other in that all mature epidermal cells are short and polyhedral 
or irregular in shape, with several cells surrounding the stomata. In Dasypogon 
bromeliifolius both mesogene and perigene cells were observed, and both oblique and 
non-oblique divisions in cells adjacent to the meristemoid (Fig. lb,c). 

Leaf TS Superficially, leaf structure in cross sections of Kingia australis and 
Xanthorrhoea australis is remarkably similar (Fig. 2d, f), mirroring the strong similarity 
of these two genera in vegetative morphology. Both have quadrangular leaves, 
modified substomatal cells and phloem in two distinct strands in each vascular 
bundle, and also more taxonomically widespread characters such as raphides absent 
and stomata tetracytic. Both have an outermost chlorenchymatous region, of 2-3 


Table 5. Summary of vegetative anatomical characters (mainly leaf) 
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Fig. 1. Stomatal development, a, Lomandra preisii, agenous development, with equal divisions in 
cells adjacent to the meristemoid, sometimes forming oblique end walls; b, c, Dasypogon bromeliifolius, 
both mesogene and perigene cells present, (g = guard cell, m = meristemoid, p = perigene cell, 
X = mesogene cell). Scale bar = 10pm. 
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layers of palisade cells, and an inner parenchymatous region with vascular bundles. 
Both have a somewhat lignified hypodermal layer, clearly a xeromorphic feature 
(Fahn 1954). However, they differ from each other in several significant respects. In 
Kingia australis the vascular bundles are in a single row (all similarly oriented) with 
thick-walled fibres present in an arc at the phloem poles and interspersed in the 
phloem, also with a larger region of thinner-waUed fibrous cells present within the 
outer bundle sheaths (but never extending to the epidermis). In Xanthorrhoea australis 
(Fig. 2f) the vascular bundles are in 2-4 rows, oriented in opposite directions 
(i.e. leaf isobilateral, in contrast to all the other genera in question), and in the outer 
chlorenchymatous region there are sclerenchymatous girders formed from mesophyll 
tissue (rather than bundle sheath) linking the epidermis with the central 
parenchymatous region (Fig. 3f). Not all species of Xanthorrhoea have quadrangular 
leaves: some are U- or V-shaped in cross section (David Bedford, pers. comm.). 

In all the other genera, leaves are usually more or less U- or V-shaped in cross 
section (sometimes somewhat flattened in strap-like leaves), with vascular bundles 
in a single row (all similarly oriented). Baxteria (Fig. 3b) resembles Kingia in having 
both phloem fibres and a larger region of thinner-walled fibrous cells present within 
the outer bundle sheaths, but differs in having sclerenchymatous girders extending 
from the outer bundle sheath cells to the epidermis, i.e. formed from mesophyll 
tissue, as they are distinct from outer bundles sheath cells. This differs from the 
condition in Xanthorrhoea, where the girders do not extend from the bundles. Baxteria 
and Kingia also often have two peripheral phloem strands at vascular bundles, as in 
Dasypogon and Calectasia. 

Dasypogon (Fig. 2e, 3e) differs from all the other genera in having chlorenchyma 
present only on the abaxial side of the leaf and with a broad adaxial parenchymatous 
region containing the vascular bundles, which often have two peripheral strands of 
phloem. Calectasia (Fig. 2b) has a reduced leaf with only three vascular bundles, each 
with at least two peripheral strands of phloem. It resembles Dasypogon in lacking 
girders and having a thick, sclerenchymatous inner bundle sheath completely 
encircling the xylem and phloem regions of the vascular bundles. 

Xerolirion (Fig. 4a-c) also has a reduced leaf, with about three vascular bundles, but 
differs from Calectasia in that it has sclerenchyma girders (formed from the inner 
bundle sheath, as in the Loniandra-group), which extend along the abaxial epidermis, 
sometimes becoming isolated in small groups, as in Romnalda. 

Acanthocarpus (Fig. 2g) and Chamaexeros (Fig. 3d) resemble each other in having 
sclerenchyma girders of inner bundle sheath cells and enlarged parenchymatous 
outer bundle sheath cells, both characters also shared with Lomandra (Fig. 2c) and 
Romnalda. Romnalda grallata (Fig. 4d,e) and R. papuana both also have small isolated 
subepidermal abaxial and adaxial groups of fibres in the mesophyll, although these 
were not recorded by Staff (in Stevens 1978) for R. papuana, and may be variable. 

Silica and calcium oxalate 

Calcium oxalate raphides (bundles of fine needle-like crystals) are present in leaf 
mesophyll of Acanthocarpus, Chamaexeros, Romnalda, Xerolirion (and rarely Lomandra), 
often in enlarged idioblasts. In Calectasia and Dasypogon raphides were not observed 
in the leaves but are common in the flower. In Baxteria and Kingia raphides were not 
observed in any tissues or organs; indeed, they appear to lack calcium oxalate entirely. 
In Xanthorrhoea raphides were not observed in material examined here, but 
rhomboidal calcium oxalate crystals or styloids are present in occasional mesophyll 
cells, bundle sheath cells and epidermal cells of some species of both Lomandra 
and Xanthorrhoea (Fig. 5d). 
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Fig. 2. Transverse sections, a, Loimndrn obliqua: rhizome TS, showing radially aligned secondary 
vascular bundles (sv), produced by secondary thickening meristem (m); b, Cniectasia cyanen: leaf 
TS; c, Lomandm colUm: leaf TS; d, Kingia austmlur. leaf TS; e, Dasypogon hromeliifolius: leaf margin 
TS; f, Xanthorrhoea australis: leaf TS; g, Acantbocarpus prcissii: leaf TS; h, Baxteria australis: leaf 
epidermis TS, with silica bodies (si), bs = bundle sheath, s = sclerenchyma. Scale bars = 100pm, 
except in h = 10pm. 
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In Kingia (Figs 3a, 4b) and Baxteria (Figs 2h, 5a), spherical (druse-like) silica bodies 
with a rugose surface are present in the leaf epidermal cells, generally one per cell. 
These were reported by Fahn (1954) as druses (clustered crystals of calcium oxalate). 



Fig. 3. Leaf anatomy, a, Kingia australis: leaf surface, with silica bodies (si) in epidermal cells, and 
paracytic/tetracytic stomata; b, Baxteria australis: leaf TS; c, Calectasia cyanca: leaf surface, with 
branched hairs; d, Chamaexcros serra: leaf TS; e, Dasypogon bromeliifulius: leaf epidennis TS, with 
silica sand (si); f, Xanthorrhoca australis: leaf epidermis and outer mesophyll TS, with substomatal 
cells (arrowed), bs = bundle sheath, s = sclerenchyma. Scale bars = 50pm. 
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However, they have the typical structure of silica bodies and lack the polarising 
properties of calcium oxalate crystals. X-ray and SEM examination effectively 
demonstrates the silicaceous nature of these bodies. Silica is also present in the 
epidermis of Dasypogon (Figs 3e, 5c) and Calectasia in the form of fine silica sand or 
amorphous crystals, in most epidermal cells in Dasi/pogoii, although less frequent in 
Calectasia. Silica is always absent from the other genera examined, including Loimndra 
and Xanthorrhoea, both of which have polyhedral styloid-like calcium oxalate crystals. 
In Xanthoi rhoea these polyhedral crystals are frequently epidermal, unusually for 
Asparagales, but X-ray analysis demonstrates that they are not silica (Fig. 5d). In 
Xerolirion leaves, although epidermal cells appeared to contain bodies, these were 
extremely small, and we were unable to confirm the presence of silica. 



Fig. 4. Leaf anatomy, a-c, Xerolirion divaricata: a,b, leaf TS, with sclerenchyma girders and subepidermal 
sclerenchyma (s) and raphide idioblast (ri); c, leaf surface, with anomocytic stomata; d,e, Rommida 
grallata: leaf TS, with small sclerenchyma bundles (s). Scale bars = lOOpm, except in c = 50pm. 
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Discussion 


Systematic characters 

Secondary thickening meristem (STM) Similarity in habit of some of these genera, 
especially Xanthorrhoea and Kingia, is a result of different growth mechanisms, 
representing two non-homologous systems, either with or without a secondary 
thickening meristem (STM). Waterhouse (1987) cited this as evidence that 
Xanthorrhoeaceae sensu la to is a 'monstrously unnatural' family. Fahn (1954), 
Waterhouse (1967) and Staff & Waterhouse (1967) showed that Xanthorrhoea has an 
STM, but that this is entirely lacking in Dasypogon and Kingia, in which stem 
thickening is palm-like, with a broad apical region and sunken apical meristem (i.e. 
an extensive primary thickening meristem: PTM). Virtually all monocots have a 
PTM, but among tree-forming monocots this has developed along different lines, 
probably more than once, either as an extensive apical PTM, as in palms, or as the 
STM, at some distance from the apex. Among the herbaceous taxa of the group in 
question, Fahn (1954) could not find an STM in rhizomes of CImnaexeros, Calectasia 
and Dasypogon, but reported an STM in Loinandra. Later authors (e.g. Stevens 1978, 
Bedford et al. 1986) have tended to discount this observation, but our investigations 
confirm that Lomandra does indeed have an STM (Fig. la), in common only with 
some other woody Asparagales (Rudall, 1991, 1995). We also confirm that an STM 
occurs in Xanthorrhoea, but not in Calectasia, Dasypogon or Kingia. An STM also occurs 
in Thysanotus (Rudall 1995), which resembles Lomandra (but not Xanthorrhoea) in 
ovule and embryo sac structure (Rudall 1994). 

Leaf anatomy Taxonomically significant leaf anatomical characters in the genera 
investigated include vascular bundle orientation, and position of sclerenchyma in 
relation to bundle sheath cells and epidermis. Several of the taxa have girders 
(sclerenchyma linking the vascular region with the epidermis), but these are clearly 
non-homologous between the various groups: in Xanthorrhoea they are of mesophyll 
origin (not associated with vascular bundles), in Baxteria mesophyll or outer bundle 
sheath, and in the Lomandra-group from the inner bundle sheath. Fahn (1954) 
described modified substomatal cells in Baxteria, Kingia and sometimes in Dasypogon 
and Xanthorrhoea. Xerolirion resembles the Lomandra-group in having sclerenchyma 
girders from the inner bundle sheath. 

Although species-level differences are not emphasised here, leaf anatomy may well 
provide useful characters at this level in some genera, such as Xanthorrhoea and 
Lomandra. Indeed, Fahn (1954) produced a key to identification of Lomandra species, 
based entirely on leaf anatomical characters. Leaf anatomy may well help to elucidate 
relationships within the Lomandra-group (Acanthocarpus, Chamaexeros, Lomandra and 
Romnalda) and with putatively allied arthropodioid genera such as Arthropodiiim, 
Cordyline, Chamaescilla, Eustrcphus, Smoerbaea, Thysanotus and Trichopetalum (see below). 

Silica The presence of silica in Kingia, Baxteria, Dasypogon and Calectasia supports 
their inclusion in the commelinoid clade, in which it is commonly present (Chase et 
al. 1995b). Silica bodies do not otherwise occur in Lilianae sensu Dahlgren et al. 
(1985), except in orchids (and Hanguana, which is probably commelinoid). Silica 
bodies are also absent from basal monocot groups, such as Arales, Alismatales and 
Najadales. In orchids, silica bodies are present in the vascular bundle sheaths, not in 
the epidermis (Dahl Moller & Rasmussen 1984), and are of two types: either spherical 
(in some epiphytic orchids) or conical (in both terrestrial and epiphytic life-forms). 
Since they do not occur in all orchids, and are absent from other Lilianae, silica 
bodies probably originated de novo in Orchidales and were subsec]uently lost in at 
least one group, as Dahl Moller & Rasmussen (1984) also concluded. 
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In the commelinoid clade, silica bodies may be either epidermal or present in the 
bundle sheath. Epidermal, spherical (druse-like) silica bodies, similar to those of 
Kingia and Baxteria, are found in Bromeliaceae, Zingiberaceae, Cyperaceae and 
Thurniaceae, and also Rapateaceae, where silica bodies may be solitary or numerous, 
or in the form of fine sand (Tomlinson 1969). Spherical silica bodies occur in various 
other commelinoid monocots, such as Arecaceae, Cannaceae, Costaceae, Marantaceae, 
Musaceae and Strelitziaceae, but usually in the bundle sheath cells adjacent to 
sclerenchyma, never in the epidermal cells. 


a 


b 


c 


d 


Fig. 5. Presence or absence of silica in epidermal cells. Left: SEM micrographs of cross sections; right: 
corresponding maps representing density of silica in regions photographed (highest densities of 
silica indicated white), a, Bnxterm australis: spherical silica body; b, Kingia australis: spherical silica 
body; c, Dasypogon bromcliifolius: silica sand; d, Xauthorrhoca minor: silica absent. Scale bars = lOgm. 
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Surface waxes Epicuticular wax morphology may be significant for the higher-level 
systematics of some taxa. Barthlott & Frolich (1983) and Frolich & Barthlott (1988) 
identified several types of epicuticular wax, of which the Convnllaria-type (small 
wax platelets clearly oriented in more or less parallel lines) is largely restricted to 
some genera of Asparagales, Liliales and Burmanniales, and the Strelitzia-type (long, 
often curly, extruded wax ribbons) to some commelinoid taxa: certain Arecanae, 
Commelinanae, Zingiberanae and Bromelianae (although there are exceptions, e.g. 
the Strelitzia-type occurs in Dracaena). However, these types are by no means 
ubiquitous in the groups in which they occur, so their absence is not necessarily 
significant. Barthlott & Frolich (1983) and Frolich & Barthlott (1988) reported neither 
type in the five out of six genera of Dasypogonaceae that they examined, and our 
results have confirmed this: surface waxes are present but not oriented in parallel 
lines or long wax ribbons. These results are therefore inconclusive with regard to the 
systematics of this group. 

Stomata Anomocytic stomata (i.e. without subsidiary cells, using the terminology of 
Metcalfe 1961) are the most common mature stomatal type amongst Asparagales, 
although paracytic and tetracytic forms also occur, often in combination. Paracytic 
stomata have lateral pairs of subsidiary cells parallel to the long axis. Tetracytic stomata 
are surrounded by four subsidiary cells (two lateral and two polar). Both paracytic 
and tetracytic types are prevalent in the commelinoid clade, where anomocytic stomata 
are relatively rare. However, Tomlinson (1974) and others have suggested that an 
ontogenetic study is essential for systematic purposes, as similar mature types may be 
achieved by different ontogenetic pathways, and are therefore non-homologous. For 
example, in the paracytic stomata of Poaceae and many other commelinoid taxa 
(Cyperaceae, Juncaceae, Centrolepidaceae, Eriocaulaceae, Xyridaceae, Joinvilleaceae, 
some Commelinaceae, Marantaceae and Zingiberaceae), the subsidiary cells are derived 
by non-oblique divisions of the lateral contact cells adjacent to the meristemoid (guard 
cell mother cell). Similarly, in the tetracytic type of many commelinoid taxa (some 
Commelinaceae, Philydraceae, Cannaceae and Zingiberaceae), the subsidiary cells are 
derived from non-oblique divisions of the lateral and polar neighbouring cells. 
Conversely, the paracytic and tetracytic types of most non-commelinoid taxa 
(Agavaceae, some Amaryllidaceae, Asphodelaceae, Butomaceae, Cyclanthaceae, 
Orchidaceae, Philesiaceae, Pandanaceae) are often derived from oblique divisions of 
the neighbouring cells. However, this character is not entirely reliable as a taxonomic 
marker at the higher level. For example, some commelinoid taxa consistently have 
oblique cell divisions (e.g. Arecaceae, Flagellaria, Heliconiaceae, Pontederiaceae) and 
some non-commelinoid taxa have non-oblique divisions (e.g. Tecophilaeaceae). Other 
anomalous taxa are irregular (Dioscoreaceae) or with both types occurring (Strelitziaceae 
and Hypoxidaceae). Rasmussen (1983) discussed further developmental patterns in 
monocot stomata, notably the presence of either perigene cells (subsidiary cells derived 
from cells adjacent to the meristemoid) or mesogene cells (subsidiary cells derived 
from the meristemoid), but found little systematic correlation. Our results are therefore 
inconclusive for this character set, which needs further review among other 
monocotyledons to test homologies. 

Cell wall ferulate Following Harris and Hartley's (1980) methods of examination of 
cell wall fluorescence to detect presence of polymer-bound ferulic acid, Rudall and 
Caddick (1994) analysed the taxa of Xanthorrhoeaceae sensit lato. They found positive 
results (ferulates present in cell walls) in Baxteria, Calectasia, Dasypogon, Kingia and 
Xerolirion, and negative results (cell wall ferulates absent) in Acaiithocarpus, 
Chamaexeros, Lomandra, Romnalda and Xanthorrhoea. These results link the former 
group with the commelinoid clade, the latter with the non-commelinoid grade. Chase 
et al. (1995b) found this character to be the most consistent in distinguishing the 
commelinoid taxa from all other monocots. 
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Pollen and ovules Both pollen and ovule characters have proved to be taxonomically 
useful in asparagoids (e.g. Chase, Rudall & Conran, in prep.). Chanda & Ghosh (1976) 
examined the pollen morphology of Acaiithocarpiis, Baxteria, Calectasia, Chamaexeros, 
Dcisppogoit, Kingin, Lotnancira and Xanihorrhoeci, but found no significant apomorphies, 
apart from similar sulculate grains in Acaiithocaipus and Chamaexeros, and punctate 
surface sculpturing in Dasypogou and Kingia (Table 5). Baxteria has a unique 
unipantocolpate pollen type, with reticulate surface sculpturing (as in Calectasia). The 
large genus Lomandra is palynologically diverse. It includes three species (L. endlichcri, 
L. leiicocephala, L mierantha) with spiraperturate grains, which led Chanda & Ghosh 
(1976) to suggest that these species should be segregated into a separate genus, although 
according to Stevens (1978) there is no anatomical or morphological evidence to support 
this. Spiraperturate grains occur in a few unrelated groups, both dicots and monocots 
(Furness 1985), including some Eriocaulaceae, Costaceae, Crocus (Iridaceae) and also 
the isolated genus Apin/llauthes. They may be derived from sulculate types (Chandra 
& Ghosh 1978) or inaperturate types (Furness 1985). Pollen of other putatively related 
arthropodioid genera, such as Thysanotus, would merit further investigation. 

Rudall (1994) described the ovule and embryo sac in Xanthorrhoeaceae sensu lato, 
and recorded in Lomandra a markedly enlarged chalazal dermal layer of the nucellus, 
usually associated with large antipodals, which also occurs in other members of the 
recircumscribed family Lomandraceae: Artliropodium, Chamaexeros, Dichopogon, 
Eustrephus, Sowerbaea and Thysanotus. The massive starchy nucellus in Calectasia and 
Dasypogon differs from the nucellus types found in asparagoid taxa. The formation 
of the micropyle by the inner integument alone (Table 4) is also apparently an 
asparagoid character. 


Taxonomy 

Anatomical, embryological and molecular data indicate that Xanthorrhoeaceae sensu 
lato (Bedford et al. 1986) is a polyphyletic assemblage, with at least four generic 
groupings; (1) a Lomandra group (Acanthocarpus, Chamaexeros, Lomandra, Romnalda 
and Xerolirion), (2) Xanthorrhoea alone, (3) Dasypogon and Calectasia and (4) Kingia 
and Baxteria. These correspond closely to Fahn's (1954) anatomical groupings. The 
former two are asparagoid, the latter two commelinoid. Since their relationships are 
so broad, it is inappropriate to carry out a cladistic analysis here, as this would 
require comprehensive comparative data on many other monocot groups. However, 
with the existing data we propose that the ten genera of Xanthorrhoeaceae sensu lato 
be distributed in three recircumscribed families: Dasypogonaceae (Baxteria, Calectasia, 
Dasypogon and Kingia), Lomandraceae (Acanthocarpus, Chamaexeros, Lomandra, 
Romnalda and Xerolirion, together with other genera: Chase, Rudall and Conran in 
prep.) and Xanthorrhoeaceae sensu Dahlgren et al. (1985) (Xanthorrhoea). 

Dasypogonaceae Dumort. (1829) 

New circumscription. Genera included: Baxteria R.Br. ex Hook., Calectasia R.Br., 
Dasypogon R.Br., Kingia R.Br. 

On the basis of rhcL analysis (Chase et al. 1995a), cell wall ferulates (Rudall & Caddick 
1994), and presence of silica (this paper), Dasypogon, Calectasia, Kingia and Baxteria 
(Dasypogonaceae) belong in the commelinoid clade (Fig. 6) (Table 5). Dasypogon and 
Calectasia are similar to each other in several respects: vascular bundle structure, 
branched trichomes and stomata (Fahn 1954, this paper) and especially in ovule 
morphology (Rudall 1994) (Table 5). Kingia appears close to Baxteria on the basis of leaf 
anatomy, silica grain morphology (druse-like; this paper) and presence of substomatal 
cells (Fahn 1954). Since the family Dasypogonaceae sensu Brummitt (1982) comprised 
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only Dasypogon and Kingia, it should be recircumscribed to include Calectasia and 
Baxteria, but in two informal groups (Dasypiogon/Calectasia and Kiiigia/Baxteria). From 
rbcL analysis (Chase etnl. 1995a) Dasypogonaceae are among the first-branching families 
of the commelinoid clade (Fig. 6), close to palms. In the combined analysis of Chase et 
al. (1995b) they are together with the palms and Hanguana. However, relationships 
within the commelinoid clade are tentative at this stage, as there are many missing 
data. Habit and method of growth would support a relationship with palms, but ovule 
structure and silica position and morphology indicate an affinity with Rapateaceae. 

Xanthorrhoeaceae Dumort. (1829) 

Sensu Dahlgren et al. (1985). Genera included: Xanthorriwea Sm. only 

Xanthorrhoea is taxonomically isolated and correctly placed in a monogeneric family 
Xanthorrhoeaceae (Dahlgren et al. 1985), with obscure relationships. It differs from 
the other genera of Xanthorrhoeaceae sensii lato in several respects, such as number 
of ovules per ovary locule (Table 3) and and presence of a hypostase (Table 4), 
although in both of these respects it has the (probable) plesiomorphic asparagoid 
conditions. On the basis of inflorescence morphology, Waterhouse (1967) considered 
it close to Agavaceae, which it also resembles in vascular bundle structure (Fahn 
1954), and presence of an STM. However, these characters are probably all 
homoplasious in Asparagales, at least to some extent. Molecular data (Chase et al. 
1995a) put Xanthorrhoea in a phormioid-asphodeloid clade (Fig. 6). It is usually 
sister to Asphodelaceae, which includes genera with an STM such as Aloe, Asphodelus 
and Bulbine (Fig. 5), or sometimes sister to the phormioids, a (mainly) Phormiaceae- 
Johnsonieae group, including Caesia, Dianella, Dri/mophila, Geitonaplesiiim, Hemerocallis, 
Hcnsmannia, fohnsonia, Phormium, Pasithea, Stawellia and a few other (largely 
Australian) genera, lacking an STM. Xanthorrhoea differs from most of the other 
phormioid-asphodeloids in having successive microsporogensis (Rudall, 
unpublished), in which respect it resembles 'higher' asparagoids. 

Lomandraceae Lotsy (1911) 

To be recircumscribed. Genera included: Acanthocarpiis Lehm., Chamaexeros Benth., 
Lomandra Labill., Roinnalda P.F. Stevens, Xerolirion A.S. George and several other 
genera (Chase, Rudall and Conran in prep.). 

The exact circumscription and relationships of the Lomandra-group require further 
analysis, since some genera are unknown for some of the critical characters. On the 
basis of similar leaf anatomy (Fahn 1954, this paper) and sulculate pollen (Chanda 
& Ghosh 1976) Acanthocarpiis and Chamaexeros seem to be closely allied. Acanthocarpiis, 
Chamaexeros, Lomandra and Romnalda share similarities in leaf anatomy, such as 
enlarged outer bundle sheath cells and sclerenchyma girders from the inner bundle 
sheath (Table 5); however, these characters occur elsewhere and may well be 
homoplasious. On present evidence, the family Lomandraceae should therefore 
include at least Acanthocarpiis, Chamaexeros, Lomandra and Romnalda (not Baxteria). 
Other characters, such as nucellus structure (Rudall 1994 and unpublished), presence 
of an STM (in Lomandra and Thysanotns: this paper and Rudall 1995) and rbcL (Chase 
et al. 1995a) further link Lomandra with the arthropodioids (Fig. 6): Arthropodium, 
Cordyline, Chamaescilla, Eiistrephus, Sowerbaea, Thysanotns and Trichopetalum, although 
there are still gaps in the data sets. Several of these genera (e.g. Eiistrephus, Sowerbaea, 
Thysanotns and Trichopetalum) have markedly tuberous roots. Eiistrephus, Thysanotiis 
and Trichopetalum all have fimbriate inner tepals. The family Lomandraceae should 
be recircumscribed to include all of these genera (Chase, Rudall & Conran in prep.). 

The relationships of Xerolirion, a monotypic genus from southern Western Australia, 
have always been problematical. It has sessile, reduced leaves and female flowers are 
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Fig. 6. Diagram based on rbcL cladogram in Chase et al. (1995), showing relationships of some of 
the genera of Xanthorrhoeaceae sensu lato. A = Lomandra; B = Xanthorrhoea; C = Dasypogon. 
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solitary and terminal, the male flowers in small cymes. The presence of cell wall 
ferulates (Rudall & Caddick 1994) links it with the commelinoid clade, but lack of 
silica contradicts this. Other characters, such as anomocytic stomata and unbranched 
trichomes, link Xerolirion with the asparagoid clade, and in leaf anatomy it most 
closelly resembles the Loinandrci-group. Recent rbcL analysis has placed it vv’ith Lomandra. 
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Abstract 

Meney, K.A}, Pate, J.S.^, and Dixon, K.W.’ OKings Park and Botanic Garden, West Perth, Western 
Australia 6005; ^Botany Department, University of Western Australia, Nedlands, Western Australia 
6907) 1996. New species of Restionaceae from Western Australia. Telopea 6(4): 649-666. Nine new 
taxa of Restionaceae from south-western Australia are described for the first time. The paper 
outlines diagnostic characteristics, ecological features and conservation status of each of the 
following species: Desmocladus glomeratus K.W. Dixon & K.A. Meney, Harperia ferruginipes 
K.A. Meney & J.S. Pate, Hypolaena robusta K.A. Meney & J.S. Pate, Lepidobolus basiflorus 
J.S. Pate & K.A. Meney, Lepidobolus spiralis K.A. Meney & K.W. Dixon, Leptocarpus crassipes 

J. S. Pate & K.A. Meney, Loxocarya albipes J.S. Pate & K.A. Meney, Loxocarya magna 

K. A. Meney & K.W. Dixon, Onychosepalum microcarpum K.A. Meney & J.S. Pate. Illustrations 
accompany each description. 


Introduction 

This paper describes nine new taxa of the predominantly Southern Hemisphere family, 
Restionaceae: Desmocladus glomeratus, Harperia ferruginipes, Hypolaena robusta, Lepndobolus 
basiflorus, Lepidobolus spiralis, Leptocarpus crassipes, Loxocarya albipes, Loxocarya magna, 
Onychosepalum microcarpum. Formal descriptions and illustrations of each taxon are 
provided alongside information on distribution, ecological preferences and conservation 
status. The genus Desmocladus Nees is being revised by B.G. Briggs and L.A.S. Johnson 
for the majority of the species that have until now been known as Loxocarya. 

Together with the taxonomic revisions of the family near completion by B.G. Briggs 
and L.A.S. Johnson for the Flora of Australia, this paper contributes to a now 
comprehensive study of the phytogeography, taxonomy and biology of the Australian 
Restionaceae. In the past 12 years, the family in Australia has gone from 115 known 
species and 20 genera (Johnson and Briggs 1983) to 147 species and possibly 27 
genera (Briggs and Johnson pers. comm.). Significant rediscoveries in this period 
included Restio abortivus Nees and Restio chaunocoleus F. Muell. which had eluded 
botanists since their type collections in the mid 19th century. 

Desmocladus glomeratus K.W. Dixon & K.A. Meney, sp. nov. 

Planta dioica, rhizomate brevi, repente, dense villoso, culmis erectis ramosis, 
pubescentibus, vaginis ovatis sub apice pilis fasciculatis, indutis instructis ramis et 
spiculis ad nodos plusminusve glomerose aggregatis. 

Type: South-western Western Australia, Northampton (28°21’S 114°38'E), Meney & 
Dixon KM 909 (female plant), 10 August 1990 (holotype KPBG; isotype PERTH). 
Growing in shallow sandy soils over laterite. 

Habit: Plants dioecious, fruticose, densely tufted, glomerose, approximately 40 cm 
tall, 20-30 cm in diameter. Rhizome compact, densely villous with ferruginous to 
pale hairs, 1.8-2.1 mm in diameter; scale leaves straw-coloured, broadly lanceolate, 
overlapping, 0.8 mm long. Culms terete, branched, pubescent and finely scabrous. 
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pale green, more or less erect, 30-50 cm long; culm nodes more or less equidistant, 
10-15 per culm and each giving rise to branchlets; cataphylls straw-coloured, 
overlapping, ribbed and lanceolate, 3 mm long; culm sheaths light brown to straw- 
coloured, striate, ovate (3 mm wide, 9 mm long), hairy on outer surface and margins 
with a dense apical fringe of longer hairs (1-1.3 mm long), apex aristate, sparsely 
hairy, lamina diverging from sheath, 7-12 mm long; culm branchlets bearing lateral 



Fig. 1. Desmocladus glomeratus K. W. Dixon & K. A. Meney. A, female culm (x 0.6); B, male culm 
(xO.6); C, rhizome (xO.6); D, culm sheath and lamina (xl.8); E, female spikelet (x5); F, female 
flower (x 5); G, male spikelet (x 5); H, male flower (x 5). 
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terete branches and flattened irregular branchlets of a higher order in texture and 
surface similar to culms, sheaths usually narrower. Spikelets, branches and branchlets 
arising together giving the nodes a glomerose appearance. Male Spikelets sessile, 
clustered in axils of culm sheaths, or terminal on branchlets, 1-5 per cluster, broadly 
fusiform, 4-6 mm long, 1-1.5 mm broad, each subtended by 20-30 imbricate rigid 
hyaline glumes; glumes pale straw in colour, with a brown mucro, 3-3.4 mm long, 
1-1.2 mm wide. Male floivers sessile, 3-6 per spikelet; tepals 6, 3-6 mm long, linear- 
lanceolate; stamens 3, exserted. Female spikelets similar to males, fusiform, 4-5 mm 
long, 0.8-1 mm wide; glumes 4-7, closely adpressed, 1.5-3.5 mm long with a 
1.5-2.5 mm long mucro, uppermost glumes fertile, subequal, hairy on outer surfaces; 
lower glumes with broad, green flattened apex. Female flowers one per spikelet; tepals 
6, linear-lanceolate, 3-6 mm long; stigma unbranched, red 4-7 mm long, plumose. 
Fruit a uniovulate nut, 5 mm long, 1 mm wide, elongate with a blunt apex, outer 
fruit wall ribbed; seed brown to cream coloured. 

Flowering: August to October. Seed-shed: October to November. Seedlings: not 
encountered in habitat. 

Affinities: Desmocladus glomeratus is most similar to Desmocladus virgatus L.A.S. Johnson 
and B.G. Briggs ined., but lacks verticillate arrangement of culm branches and has 
sessile spikelets and a more lax habit than the latter species. 

Ecological Features: The species is known from only one location in sand over 
laterite in heathland at Howatharra Hill north-east of Geraldton. Plants are killed by 
fire and regenerate from seed. 

Conservation status: The species is in urgent need of further survey to determine 
the extent of its distribution and conservation status. For the present it should be 
gazetted as rare and endangered. 

Etymology: The specific epithet is derived from the Latin term glomeratus, formed 
into a ball, referring to the clustered arrangement of spikelets and branchlets. 

Harperia ferruginipes K. A. Meney & J. S. Pate, sp. nov. 

Planta dioica caespitosa, rhizomatibus reptantibus tomentosis, pilis ferrugineis, culmis 
valde ramosis, vaginis adpressis lato interior! pilis fasciculatis praeditis, spiculis 
singulis terminalibus vel axillaribus, numerosis in eadem culmo. 

Type: South-western Western Australia, S.W. Botanical Province between Geraldton 
(28°46'S n4°37'E) and Mullewa (28°32'S n5°30’E) Meney & Pate KM9m, 19 April 1994, 
(holotype KPBG; isotype PERTH). Growing in open heathland on red sandy loams. 

Habit: Plants dioecious forming dense low clumps with a stout creeping rhizome, 
clumps approximately 0.5 m tall, usually 30-80 cm across. Rhizome creeping with well¬ 
spaced culms (1-2 cm apart), 6-10 mm in diameter, densely villous with long red- 
brown to ginger hairs; scale leaves broadly triangular, overlapping covered with dense 
ginger hairs; cataphylls 8-14 mm long with covering of ginger hairs prominent above 
soil surface. Culms terete, hollow with distinctive multilacunar pith, yellow-green, 
30-60 cm long, 1.5-2.5 mm diameter, upper half of culms many-branched, sinuose, 
smooth; lower 2-3 internodes with fine covering of short ginger hairs, culm surface 
finely rugose; culm nodes more or less equidistant, 10-15 per culm; culm sheaths 
orange-brown when young, ageing dull grey, appressed, 8-15 mm long with purple 
ring at base, enclosing a tuft of ginger to white hairs borne at the nodes, lower culm 
sheaths with basal covering of ginger hairs; lamina narrow, spiny, divergent, 2-3 mm 
long, dark purple. Male spikelets mostly solitary, terminal or axillary, well-spaced, 
1-2 cm apart, numerous per culm, 3-8 per culm branchlet, ovoid, 4-6 mm long; 
glumes orange with a fringe of white hairs, bracts and glumes bearing spines, mucro 


652 


Telopea Vol, 6(4): 1996 


1-1.5 mm long, rigid. Male flowers sessile, 6-12 per spikelet, upper flowers usually 
sterile; tepals 6, broadly lanceolate, 1-1.3 mm long; stamens 3, exserted. Female spikelets 
solitary, sessile, terminal or axillary and well-spaced, 0.5-2 cm apart, elongate, 5-8 mm 
long; bracts and glumes identical to those of male plant. Female flowers sessile, 
1-2 fertile per spikelet, uniovulate; style single 2-3 mm long, with an exserted, often 
coiled, white, flattened, papillate stigma. Fruit an elongate nut; seeds one per fruit. 



Fig. 2. Harperia ferruginipes K. A. Meney & J. S. Pate; A, female culm (x 0.6); B, male culm (x 0.6); 
C, rhizome (x 0.5); D, culm sheath (x 3.5); E, female spikelet (x 5); F, female flower (x 14); G, male 
spikelet (x 5); H, male flower (x 14). 
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Flowering: Autumn (April to May). Seed-shed: September to October. Seedlings: not 
seen in habitat. 

Affinities: Most similar to H. lateriflora W, Fitzg. in culm and spikelet morphology 
but immediately distinguishable by its densely hairy rhizomes and robust 
multibranched culms. This species is typical of the genus Harperia in gross 
morphology, spikelet characteristics and culm anatomy. 

Ecological features: Known from only one locality in open heathland on red sandy 
loam soil between Geraldton and Mullewa. Growing with Lepidoboliis basifloriis, 
L. chactocephalus F. Muell. ex Benth. and L. preissianus Nees. Rhizomes contain dense 
starch reserves, indicating that the plants probably survive fire. 

Conservation status: Probably highly restricted and known presently from only one 
small unreserved population with less than 200 plants. Further survey and gazetting 
of conservation priority status is urgently required. 

Etymology: The specific epithet is derived from the Latin ferrugo, ferruginis, rust and 
pes, a foot, referring to the densely tomentose rust coloured rhizomes. 

Hypolaena robusta K. A. Meney & J. S. Pate, sp. nov. 

Planta dioica, valida, rhizomatibus crassis repentibus, culmis distantibus, parce ramosis, 
ramis tricompressis, vaginis elongatis ad apicem nitidis, caducis, spiculis terminalibus 
vel axillaribus in parte superiosi culmi, masculinis pendulis, foemininis erectis. 

Type: South-western Western Australia, S.W. Botanical Province near Badgingarra 
(30°24'S 115°33'E), Meney & Pate KM 9092, 6 September 1990, (holotype KPBG; isotype 
PERTH). Inconspicuous in deep white sands. 

Habit: Plants dioecious, tall with sparse culms on stout rhizomes. Rhizome creeping, 
with widely spaced culms 5-8 mm in diameter, cream-coloured with sparse white 
hairs under scale leaves; scale leaves clasping, triangular, shiny orange-brown with 
scarious margins, striate in upper outer portions, 1.5 cm long; cataphylls similar to 
scale leaves, but longer, 1.8-2.5 cm long, fragmenting with age. Cidms densely tomentose 
on lower internodes, sparingly branched, main culms terete, branches semi-flattened, 
blue-green, 50-70 cm long, 2.5-3.0 mm diameter; culm nodes more or less equidistant 
7-8 cm long; culm sheaths grey, scarious, 20-30 mm long, ribbed, especially near 
flared apex, lamina short, 2 mm long, deciduous. Male spikelets in short terminal or 
axillary clusters, pendulous on densely tomentose pedicels, up to 20 spikelets per 
culm, bronze, ovoid, 7-9 mm long; glumes rust-coloured narrow-lanceolate with 
scarious margins, up to 3 mm long, mucro 0.3 mm long. Male flowers sessile, more than 
20 per spikelet; tepals 6,1.5-2 mm long, broadly lanceolate; stamens 3. Female spikelets 
erect, shortly pedicillate, solitary or paired on upper portions of branchlets, less than 
5 per branchlet, linear, 10-12 mm long; glumes obovate, appressed, 8-10 mm long, 
mucro 1 mm long. Female flowers with tepals 6, 2-3 mm long, obovate; style with 
3 branches, fused at base, stigma purple. Fndt an arillate nut, 5 mm long. 

Flowering: September-October. Seed-shed: September-October. Seedlings: not observed. 

Affinities: Probably closest to H. exsulca R.Br. but readily distinguished by stout 
rhizomes, widely spaced culms, and sparse inflorescences. 

Ecological features: Infrequent inconspicuous species in dense heath on deep white 
sands of the northern sandplains in the Badgingarra region. Known from only a few 
small populations. Starch is present in rhizomes and plants resprout after fire. 

Conservation status: Probably very restricted and in need of further survey and 
assessment of requirements for conservation. 

Etymology: The specific epithet is derived from the Latin robustiis, robust, referring 
to the stout rhizome and culms. 
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Fig. 3. Hypolacm robusta K.A. Meney & J.S. Pate. A, female culm (x 0.5); B, male culm (x 0.5); 
C, rhizome (x 0.75); D, culm sheath (x 3); E, female spikelet (x 5); F, female flower (x 4.5); G, male 
spikelet (x 5); H, male flower (x 4.5). 
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Lepidobolus basiflorus J.S. Pate & K.A. Meney, sp. nov. 

Planta dioica caespitosa, rhizomatibus villosis pilis adscendentibus, culmis 
superioribus sterilibus, valde sinuosis ad circinatis, culmis inferioribus abbreviatis, 
erectis et floriferis, vaginis lanceolatis, nitidis, cito caducis, spiculis sessilibus vel 
breviter pedicellatis bracteis spinis prominentibus. 



Fig. 4. Lepidobolus basiflorus J.S. Pate & K.A. Meney. A, female plant (x 0.7); B, male plant (x 0.7); 
C, female spikelet (x 3.8); D & E, female flowers (x 4.5); F, male spikelet (x 3.8); G, male flower (x 4.5). 
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Type: South-western Western Australia, S.W. Botanical Province between Geraldton 
(28°46'S 114°37’E) and Mullewa (28°32'S 115°30'E), Pate & Meney KM9402, 19 April 1994, 
(holotype KPBG; isotype PERTH). Growing in open heathland on red sandy loam. 

Habit: Plants dioecious, densely tufted to 30 cm, with conspicuous, short basal flowering 
culms and interwoven canopy of longer tightly coiled vegetative culms. Rhizome 

1- 2 mm diameter, ascending, red-brown with 5 mm long white hairs; scale leaves 
broadly truncate, chocolate-brown with a smooth outer layer and a straw-coloured 
inner layer, ribbed on inner surface, 10 mm long, non-deciduous; cataphylls similar to 
scale leaves but up to 1.3 mm long with an inner tuft of long hairs, non-deciduous, 
chocolate-brown. Culms terete, hollow at base, 0.3-0.5 mm diameter; tall culms most y 
sterile, coiled, unbranched, light-green, 20-30 cm long, lower two internodes densely 
tomentose, upper intemodes finely marbled; reproductive culms 2-5 an long in females, 
5-6 cm long in males, tower portions including female spikelets often partly covered 
by sand; nodes on vegetative culms 6-11, more or less equidistant 3-5 cm apart, culm 
sheaths lanceolate, flared, brown at base, straw-coloured at apex, 6-10 mm long with 
a short lamina, sheaths quickly deciduous on upper parts of culm, usually persistent 
on lower part, purple ring at nodes remaining after abscission of sheaths. Male sptkelets 
sessile or shortly pedicellate 2-A per reproductive culm, axillary on upper 2 cm, 
subglobose 10-15 mm long, 5-7 mm wide, subtended by a straw-coloured, elongate 
bract, 0.4-0.6 mm, bearing a prominent lamina 1.5 mm long; glumes truncate, 6 mm 
long with a soft bristle-like mucro 1-2 mm long. Male flowers sessile, up to 20 per 
spikelet; tepals 4, 2.5 mm long, linear-lanceolate; stamens 3, exserted. Female spikelets 
sessile or shortly pedicellate, 2-4 per culm, more or less equally spaced, broadly elongate, 
10-15 mm long, 3-5 mm wide, subtending bract similar to that of males; glumes 
chocolate-brown with distinctive upper green portion and apical tuft of inconspicuous 
white hairs, lower glumes sterile; mucro rigid, spiny, 2-4 mm long, purple-brown. 
Female floiuers sessile, 2-4 per spikelet; tepals 4, linear-lanceolate, straw-coloured, 

2- 5 mm long; style unbranched, red, up to 9 mm long. Fruit a unilocular nut. 

Flowering: Autumn (April-May). Seed-shed: September-October. Seedlings, not seen. 

Affinities: L. basiflorus is morphologically similar to L. chaetocephalus and L. preissianus 
which both co-occur at its one known locality. Distinguished from L. preissianus by 
erect rather than creeping rhizomes, and from L. chaetocephalus by smaller elongate 
male spikelets. The basal flowering culms and taller vegetative culms are unique. 

Ecological features: Only known from one population in open heath on sand and 
sandy loam soils between Geraldton and Mullewa. Starch is present in both rhizome 
and culms but fire response is unknown. 

Conservation status: Probably very restricted. The only known population is 
unreserved with less than 100 plants. Further survey and immediate classification as 
a high conservation priority species is urgently required. 

Etymology: The specific epithet is from the Latin basis, base and florus, flowered and 
refers to the unusual basal flowering habit. 

Lepidobolus spiralis K. A. Meney & K. W. Dixon, sp. nov. 

Planta dioica rhizomatibus breviter reptantibus, culmis dense fasciculatis, eramosis, 
sinuosis ad subspiraliter curvatis, vaginis truncatis, nitidis, caducis, spiculis sessilibus, 
singulis, caducis. Spiculae foemineae glumis prominenter refracte spinescentibus. 

Type: South-western Western Australia. Frank Hann National Park, East of Lake 
King (33°05’S 119°40'E), Meney & Dixon KM293, 2 November 1990, (holotype KPBG; 
isotype PERTH). Growing in heathland on deep yellow sands. 
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Fig. 5. Lepidobolus spiralis K.A. Meney & K.W. Dixon. A, female culm (x 0.4); B, rhizome (x 2.4); 
C, culm sheath (x 5); D, female spikelets (x 12); E & F, female flowers (x 12); G, male spikelet (x 5); 
H & I, male flowers (x 8). 
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Habit: Plants dioecious, clumped or spreading on short rhizomes with densely grouped, 
intertwining culms. Clumps often up to 2 m across, 0.5 m high. RJuzonie shortly creeping, 
1-3 mm diameter, dark red-brown and covered with tufts of orange-brown to cream 
hairs; scale leaves chocolate-brown, shiny, broadly triangular, 5-7 mm long, tightly 
overlapping; cataphylls clasping, dark brown, up to f.5 cm long, closely appressed. 
Culms unbranched, terete, solid, yellow-green, finely marbled, 30-50 cm long, 
0.5-0.9 mm diameter, tightly coiled; lower culm intemodes with dense indusium of 
felt-like, straw-coloured hairs; culm nodes equidistant in upper portions 3-5 cm apart, 
up to 1 cm apart in lower portions; culm sheaths flared from base, truncate, red-brown, 
straw-coloured at apex, 8—10 cm long, deciduous with age; lamina short, deciduous, 
0.5 mm long. Male spikelets sessile, single, axillary at upper culm nodes, almost totally 
enclosed by subtending culm sheath, 3-9 per culm, elongate, 5—7 mm long, glumes 
erect and spiny with an inconspicuous terminal fringe of white hairs, rust-brown, 
broadly lanceolate 2.5 mm; mucro dark brown, up to 2 mm long. Male flowers up to 10 
flowers per spikelet; tepals 6, membranous, linear-lanceolate, 1.6—2.0 mm long, stamens 
3, exserted. Fetmle spikelets 3-9 per culm, sessile and single on upper culm nodes, 
almost entirely enclosed by culm sheaths, deciduous, elongate, 5-7 mm long; glumes 
spiny with terminal fringe of hairs, 5 mm long, red-brown; mucro 4 mm, strongly 
reflexed. Female floivers several per spikelet, sessile or shortly pedicellate 1-3 per spikelet; 
tepals 6,2-3 mm long, broadly elongate, translucent-straw-coloured; style unbranched 
stigma plumose, red, 3 mm long Fruit a unilocular nut. 

Flowering: Winter/Spring (May-September). Seed-shed: August-September. Seedlings: 
not observed. 

Affinities: L. spiralis is very similar to L. preissianiis in general habit and morphology, 
but L. spiralis has more compact, narrower rhizomes and much smaller male spikelets 
scarcely emerging from culm sheaths. Female spikelets of L. spiralis have a distinctive 
reflexed spiny mucro on bracts and glumes whereas these are erect in L. preissianiis. 

Ecological features: Known only from a few populations on deep yellow sands in 
dry heath in Frank Hann National Park. Starch is present in rhizomes and culms 
and the plants probably recover after fire. 

Conservation status: Possibly highly localized and edaphically restricted to small 
pockets of yellow sands amongst predominantly deep white sands. Clearly in need 
of further survey. 

Etymology: The specific epithet is from the Latin spiralis, coiled, referring to the culms. 
Leptocarpus crassipes J. S. Pate & K. A. Meney, sp. nov. 

Planta dioica rhizomatibus breviter repentibus, culmis dense fasciculatis, vaginis 
truncatis, nitidis, caducis, spiculis sessilibus solitariis, caducis. Spiculae foemineae 
glumis spinosis, spinis prominentibus, reflexis. 

Type: South-western Western Australia, S.W. Botanical Province, Kent River between 
Denmark (34°58'S 117°2rE) and Walpole (34°59’S 116°44'E), Pate & Meney KM913, 
5 January 1991, (holotype KPBG; isotype PERTH). Growing in permanently inundated 
swampy depressions. 

Habib Plants dioecious, stout, erect 80-110 an tall with tufted rhizomes. Rhizomes light- 
brown, branched and shortly creeping with dense laterally spreading root mass and marked 
bulb-like swelUngs at points of attachment with culm bases, basal diameter 5 mm, intemodes 
with dense, soft covering of tridiomes; strongly aerenchymatous with trabeculae of marginal 
and central aerenchyma connecting with that of culm bases and roots; scale leaves truncate, 
8-10 mm broad at base, 15 mm long, pale brown with dark brown striations; cataphylls 
similar to scale leaves in size, shape and colour but with scarious margins; mucro 2-3 mm 
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long. Culms terete, smooth, unbranched, hollow except at base, blue-green, 1.8-2.6 mm in 
diameter, finely pubescent with a reddish flush at culm nodes and immediately above 
culm sheaths, usually with both taller vegetative culms and sparse shorter reproductive 
culms present; culms bases distinctly swollen; culm sheaths brown, 10-15 sterile, upper 
1-4 fertile, light brown with prominent transparent scarious margins, closely appressed to 
culms, 11—16 mm long, finally striated; mucro 5-7 mm long encased in translucent margins. 
Male spikelets ovoid-elongate, 4-6 mm long, 1.5 mm broad, in nodding, pedicellate clusters 
arranged in a loose terminal panicle, 15-40 spikelets per culm; glumes 20-30, broadly 
lanceolate with scarious margins, 1.5-1.8 mm long, 0.7-0.9 mm broad, bearing a mucro 
0.1 mm long. Male flmvers: 20-30 per spikelet, brown, tepals 6, narrow-hnear, 1-1.5 mm 





Fig. 6. Leptocarpus crassipes J.S. Pate & K.A. Meney. A, female culm (x 0.4); B, male culm (x 0.4); 
C, rhizome and lower culm bases (x 0.6); D, section through rhizome and lower culm showing 
aerenchyma, indicated by arrow (x 2); E, culm sheath (x 2); F, female spikelet (x 6); G, female flower 
(x 7); H, male spikelet (x 4); I, male flower (x 3.5). 
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long, mucronate; stamens 3, not exserted, anthers cream, staminal filaments reddish. Fmmle 
spikelets dark brown ageing to grey, fusiform, 5-8 mm long, 1.5 mm broad in 1 to 3 axillary 
or terminal dusters, 6-15 per duster; glumes lanceolate, acuminate, transparent with 
scarious margins 8—15 mm long, lower 1 or 2 sterile. Feynnle flowers 12 per spikelet; tepals 
8,0.9-1.2 mm long, purple, narrow-filamentous; style divided almost to base, stylar branches 
3, purple, 1.5 mm long. Fruit a turbinate nut 1.2 mm long, 0.1 mm broad. 

Flowering: Flowers in early summer as water levels in swamps recede. Seed-shed: 
late summer with seed dispersed by wind or water. Seedlings: dimorphic. When 
germinating above-ground 1-2 terete first seedling leaves are followed by adult-like 
culms with scale leaves. Seedlings establishing under water first develop a rosette of 
1-15 flattened juvenile leaves. This habit is retained until the seedling emerges above 
the receding water, at which stage adult-like erect culms are formed. 

Ecological features: L. crassipes is one of the few species of Leptocarpus in permanently 
inundated habitats. It is known only from permanent waterholes in swamps in the 
Kent River area between Denmark and Walpole. It is fire-resistant and contains high 
levels of starch in the rhizomes. 

Etymology: The species epithet is from the Latin crassus, fat and pes, a foot and 
refers to the swellings on the submerged culm bases where they attach to the rhizome. 

Affinities: The taxon shows close affinities to a range of the wetland south-western 
Australian Leptocarpus species, particularly L. scariosus, but is distinguished by the 
bulbous culm bases and unusually sparse inflorescences in comparison with 
cohabiting species. 

Conservation status: Since this species might be easily confused with closely related 
taxa, it may well be more widely distributed than present knowledge indicates. 
Apparent dependence on permanent water means that susceptibility to lowering 
water tables might endanger populations. 

Loxocarya albipes J. S. Pate & K. A. Meney, sp. nov. 

Planta dioica, caespitosa, rhizomate repenti, dense villoso, culmis teretibus sparse 
ramosis, striatis atque tuberculatis, vaginis caulinis adpressis, striatis, glabris, spiculis 
in glomerulis axillaribus vel solitariis. 

Type: South-western Western Australia, S.W. Botanical Province, Wongan Hills 
(30°51'S 116°43'E). In a single small gravel pit 15 km W of Wongan Hills. Pate & 
Meney KM 9304, 10 August 1993, (holotype KPBG; isotype PERTH). Growing in 
cappings of loose gravel over laterite. 

Habit: Plants dioecious, densely tufted with decumbent habit, approximately 
50-80 cm tall, clumps up to 1.5 m across. Rhizome shortly-creeping, superficial, red- 
brown, densely villous with continuous covering of white woolly hairs, weathering 
with age, 3.5-4.5 mm diameter; scale leaves widely-spaced, orange-brown, tightly 
appressed, 1-3 mm long; cataphylls red-brown, ribbed, 2 mm long. Culms terete, 
hollow at base, light green, 0.8-1.2 mm diameter, 30-70 cm long, mostly hidden by a 
dense covering of white hairs; branchlets semi-flattened; culm nodes more or less 
equidistant, up to 14 per culm; sheaths with scarious margins, red brown, flushed 
dark red-brown close to point of attachment to nodes, striate, 6-14 mm long, closely 
appressed, covered with resinous tubercles, sterile sheaths 5-10, spikelet-subtending 
sheaths 2-7 per culm; lamina present or absent, if present closely appressed, 1-3 mm 
long. Male spikelets in axillary clusters of 2-6, 8-30 per culm, linear-ovoid, 8-13 mm 
long, 2-4 mm wide; inflorescence bracts light brown with pronounced scarious 
margins; apex 5-7 mm wide, 1.5-2.5 mm long, tuberculate; glumes 2.5-3.5 mm long, 
linear lanceolate; mucro 1-1.5 mm long. Male flowers sessile to very shortly 
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pedicellate, 7-12 per spikelet; tepals 3, with scarious margins, oblong to broadly 
lanceolate 1.5-2 mm long; stamens 3, exserted. Female spikelets fusiform, 7-10 mm 
long, 1.5 mm wide, 2-6 per culm solitary or in a clustered pair; inflorescence bracts 
striate and tuberculate, red-brown, 8-12 mm long with 1-2 mm apex; glumes strongly 
keeled, lanceolate, 5 mm long with distinct scarious margins; mucro 1.5 mm long. 



Fig. 7. Loxocan/n albipes J.S. Pate & K.A. Meney. A, female culm (x 0.5); B, male culm (x 0.5); 
C, rhizome (x 6.7); D, culm sheath (x 3); E, female spikelet (x 7.3); F, female flower (x 11); G, male 
spikelet (x 7.3); FI, male flower (x 7.3). 
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Female flowers 2 per spikelet; tepals 3, oblong 2.5 mm long; style purple, fused; stylar 
branches up to 5 mm long; ovary bilocular. Fruit a heart-shaped indehiscent capsule, 
3^ mm long, 1.5-2 mm broad, compressed with a prominent persistent woody stylar 
beak; capsule splitting loculicidally along the broad axis of the fruit; seeds 2 per fruit, 
oblong to reniform, 2.2 mm long, 1 mm broad, light brown, uniformly tuberculate. 

Flowering: August-September. Seed-shed: September. Seedlhigs: first season's culms 
sinuose with sterile flattened branches, second-year culms resembling those of adult. 
Rhizomes creeping, woolly as in adult. 

Affinities: Loxocaryn albipes shows closest affinity to Loxocarya striata (F. Muell.) 
L.A.S. Johnson & B.G. Briggs ined. (= Restio megalotlieca nom. illeg.) in habit, fruit 
characters and rhizome features. This species is typical of the genus Loxocarya, 
particularly in fruit characteristics and the chemical feature of possessing the unusual 
non-protein amino acid S-methyl-cysteine (Pate et al 1995). 

Ecological features: Loxocarya albipes is known only from a lateritic gravel pit surrounded 
by mostly agricultural land near Wongan Hills, W.A. Absence of rhizome starch and the 
superficial location of rhizomes indicate that plants are probably killed by fire. 

Conservation status: Probably a disturbance opportunist; further research is urgently 
required on distribution and mode of recruitment in natural habitats. Only 30 adult 
plants and several seedlings are currently known, suggesting that the species deserves 
high-priority status for conservation. 

Etymology: The specific epithet is from the Latin albus, white and pes, a foot referring 
to the densely tomentose, superficially creeping rhizomes. 

Loxocarya magna K. A. Meney & K. W. Dixon, sp. nov. 

Planta dioica, caespite rotundato, magno, rhizomatibus reptantibus, culmis 
cylindraceis ramis sinuosis compressis spiculas plurimas sessiles vel breviter 
pedunculatas et plerumque singulas ferentibus. 

Type: South-western Western Australia, South-west Botanical Province, Scott River 
along Governor Broome Road (115°17'E, 34°15'S), Meney & Dixon KM 109, 8 December 
88, (holotype KPBG; isotype PERTH). Growing in shallow sandy soils over lateritic 
ironstone, often covered by a perched water-table during winter and spring. 

Habit: Plants dioecious, forming tall, tightly coiled compact clumps to 1.5 m tall. 
Rhizomes creeping, covered with short white-grey hairs, 4-5 mm wide; scale leaves 
dull grey, scarious, broadly triangular, 2-2.5 mm long, closely appressed; cataphylls 
grey-brown, ribbed, closely appressed, 1—1.5 mm long with a broad apex and short 
(0.5 mm), broad lamina. Culms terete, hollow, striate, many-branched, pale-green, 
70-100 cm long, 2-3 mm wide at base, branchlets sinuose, flattened; culm nodes 
more or less equidistant, 5-8 cm apart, approximately 10-15 per culm; sheaths 
broadly lanceolate appressed, light brown to straw, striate, ovate, 10-12 mm long; 
lamina 1-3 mm long. Male spikelets mostly formed on second or third order 
branchlets, 3-10 per branchlet, sessile or pedicellate, 2-3 mm long, ovoid, numerous; 
glumes obovate, 1.5-1.7 mm long, straw-brown coloured; mucro up to 1 mm, 
dark-brown, stout. Male floxvers sessile, up to 6 per spikelet; tepals 6, straw-brown, 
linear 1.5-2 mm long; mucro triangular; stamens 3, exserted. Female spikelets fewer 
than on males, axillary or terminal, 2-3 per branchlet, elongate, 8-11 mm long; 
glumes rigid, woody, divergent in fruit, 7-11 mm long. Female flowers one per 
spikelet, sessile, exceeded by glumes; tepals 3, lanceolate, 1.5-2 mm long; style 
unbranched, plumose. Fruit a unilocular, dolabriform, indehiscent capsule, 
8-11 mm long, 4-5 mm wide with prominent woody stylar beak, dehiscing down 
one side; seed flat grey-brown, 4 mm long. 
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Flowering; September-October. Seed-shed: September-October. Seedlings: First seedling 
leaves linear. Primary culms of seedlings flattened and bearing numerous elongate, 
green flattened leaves. 


Affinities: Similar in tufted habit and general morphology to Loxocarya striata and to 
L. cinerea R.Br. but easily distinguished from the former taxa by its unilocular fruits, 
and from both by the culm height and fruit size. 



Fig. 8. Loxocarya inagna K. A. Meney & K. W. Dixon. A, female culm (x 0.6); B, male culm (x 0.6); 
C, rhizome and culm bases (x 0.5); D, culm sheath (x 6); E, female spikelet (x 7); F, female flower 
(x 6); G, male spikelet (x 6); H, male flower (x 6). 
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Ecological features: Known from only two locations on remnant ironstone within 
seasonally inundated heath at Scott River and Ruabon. Plants are killed by fire and 
regenerate from seed. 

Conservation status: Rare and endangered, apparently restricted to two unreserved, 
small populations on ironstone pavement habitats. 

Etymology: The specific epithet is from the Latin rnagnus, great, referring to the large 
size of adult clumps. 

Onychosepalum microcarpum K. A. Meney & J. S. Pate, sp. nov. 

Planta dioica, demissa, caespitosa, rhizomatibus pilis sparsis instructis, erectis, culmis 
laevibus, cylindraceis, sinuosis vel erectis, ramis absentibus, vaginis caulinis 1-2, 
striatis, apice nitidis, spiculis plerumque singulis atque terminalibus. 

Type: South-western Western Australia, S.W. Botanical Province, Gingin (31°21S 
115°54'E) to Cataby (30°45'S 115°33'E) Meney & Pate KM 9091, 6 September 90 (holotype 
KPBG; isotype PERTH). Growing in deep sand. 

Habit: Plants dioecious, diminutive, 7-15 cm tall, tufted. Rhizome ascending, 
0.5-0.8 mm wide, axillary rooting at nodes; internodes sparsely tomentose, reddish- 
brown with tufts projecting beyond scale leaves; scale leaves straw-coloured, crowded, 
overlapping, ovoid-triangular with prominent striations, 2-3 mm long; cataphylls 
straw-coloured, 3-5 mm long, ridged, broadly ovate; mucro prominent, 1-2 mm 
long. Culms terete, smooth, unbranched 0.3-0.5 mm wide, sinuose in females to 
more erect in males; culm sheaths 1-2 per culm, light green-brown, striate, 4-6 mm 
long; lamina broad, flared, 2-5 mm long. Male spikelets usually solitary and terminal 
on the culm, occasional culms with a second smaller spikelet arising from the node, 
ovoid globose, 4-6 mm long, 3—4 mm broad; inflorescence bracts similar to glumes; 
glumes light brown, broadly lanceolate, 2-2.5 mm long, the lower 7-12 glumes 
sterile; mucro dark brown 0.5-1 mm long. Male flowers sessile, 10-20 per spikelet; 
tepals 6, straw-coloured, 1.8-2 mm long, linear, membranous with blunt apex. Female 
spikelets narrow-ovoid, 3-4 mm long, 1-1.3 mm broad, 2-3 per culm; inflorescence 
bracts pale straw-coloured, 1-1.2 mm long; apex exceeding the length of each bract, 
up to 2 mm; glumes 1.5-2.5 mm with scarious margins carrying a fringe of hairs, 
lower 6-8 glumes sterile; mucro 0.8-1.2 mm long. Female flowers 1-2 terminal flowers 
per spikelet; tepals 6, 0.8-1 mm long, mucronate, transparent, scarious, broadly 
lanceolate; style 7-8 mm long, undivided; stigma single, purple, exserted 5 mm 
beyond the spikelet; ovary unilocular. Fruit a diminutive nut, less than 0.5 mm long. 

Flowering: August-October. Seed-shed: September-October. Seedlings: similar to 
adult plants. 

Affinities: This species is closely similar to Onychosepalum laxiflorum Steud. but 
differs in possessing diminutive spikelets, usually with several spikelets on each 
female culm and with several (as opposed to one) internodes per culm. Flower and 
fruit characteristics are broadly similar to those of Lepidobolus and Catacolea. 

Ecological features: Onychosepalum microcarpum is known from three small populations 
in the Northern Sandplains between Gingin and Badgingarra. It is a short-lived 
opportunistic species which colonises bare areas of leached deep white and yellow 
sand, particularly after disturbance. It does not contain appreciable reserves of starch 
and plants are killed by fire. No information is available on seed longevity. 

Conservation status: Conservation status is uncertain. It appears locally abundant 
but requires further study in view of the restricted distribution and ephemeral nature 
of the presently known populations. 

Etymology: The specific epithet microcarpum is from the Greek mikros, small and 
karpos, a fruit, referring to the small fruits of the species. 



Fig. 9. Oiiychosepalum microcarpum K.A. Meney & J.S. Pate. A, female plant (x 0.6); B, male plant 
(x 0.6); C, culm sheath (x 2.3); D, female spikelets (x 6); E, female flower (x 9.2); F, male spikelet 
(x 5.4); G, male flower (x 9.2). 
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Discussion 

The nine taxa described in this paper represent part of tlie outcomes of an ongoing 
study into the Restionaceae and related families in Western Australia. All taxa represent 
new collections made during the study from botanically well known areas. These speaes 
are all restricted and most are threatened, adding to a current list of 20 priority, one 
endangered and one vulnerable threatened species of Western Australian Restionaceae 
(Department of Conservation and Land Management 1991, 1995). This represents one 
quarter of the family in this state, emphasising tlieir importance in conservation programs. 

Habitats of the new taxa range from permanently inundated wetlands {Leptocarpus 
crassives) and seasonally wet heathlands on perched water tables {Loxocarya magm) 
to species favouring dryland sites on sand or sand over laterite. Loxocarya magm 
only grows on ironstone formations in the extreme south west. The plant immunities 
on these formations are considered highly vulnerable and threatened (Gibson et al. 
1994) and in urgent need of reservation. Lepidaboliis spiralis is unusual m occurring 
only in sandy habitats over yellow sand subsoil. This habitat also supports a range 
of other geographically restricted taxa including Bracbyloma microphylla T. Bell and 
K.W. Dixon ined. and gen. nov. aff. Astroloma. 

Harperia ferruginipes, Lepidobolus basiflorus and Desmocladus glomeratus are restricted in 
distribuHon mostly as a result of extensive clearing for agriculture. The former two are 
not protected within current reserves and require consideration for protection. Loxocarya 
albipes is the most critical species for conservation, with only one known population of 
less than 100 plants restricted to a degraded roadside gravel reserve. Onychosepalum 
microcarpum and Hypolaena robusta extend over 150 krn and are possibly more 
widespread than currently known. Further survey is required. 
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Embryology of Onagraceae (Myrtales); 
characteristics, variation and relationships 

Hiroshi Tobe and Peter H. Raven 


Abstract 

Tobe, H.’ and Raven, P.H? CDepartment of Natural Environmental Sciences, Faculty of Integrated Human 
Studies, Kyoto University, Kyoto 606, Japan; ^Missouri Botanical Garden, P.O. Box 299, St. Louis, Missouri 
63166, LI.S.A.) 1996. Embryology of Onagraceae (Myrtales): characteristics, variation and relationships. 
Telopea 6(4): 667-688. Here we report features of the embryology of 14 genera of Onagraceae, as 
a companion study to our earlier report on Ludwigia alone. We found that the 4-nucleate Oenothera 
type embryo sac that sharply distinguishes Onagraceae from all other Myrtales is common to all 
genera. Shared features of the nuceUus and seed coat structure, however, indicate that Onagraceae 
more closely resemble Lythraccae than other Myrtalean families. Differences between onagraceous 
genera are found in 1) the mode of anther wall formation (the Basic or the Monocotyledonous 
type), 2) the number of cells in the ovule archesporium (one-celled or multi-celled), 3) the nature 
of early development of the inner integument (retarded or not retarded), and 4) the thickness of 
the parietal tissue in the nucellus (thin or thick). Based on comparisons in these and other 
embryological characteristics, we have concluded that: 1) Ludwigia (Jussiaeeae) differs sharply 
from the rest of the family in having a one-celled archesporium in its nucellus; 2) Hauya (Hauyeae) 
and eight of the genera of Onagreae (except Gayophytum) closely resemble one another but differ 
from the other genera of the family in their markedly thick parietal tissue in the nucellus; 
3) Gayophytum, unlike other Onagreae, resembles Epilobium (now including Boisduvalia) in having 
retarded early development of its inner integument and in having thin parietal tissue; 4) Clarkia 
heterandra (formerly segregated as the monotypic genus Heterogaura) differs from other species of 
Clarkia and from other Onagreae (except Gayophytum) in its nucellar histology. 


Introduction 

Onagraceae are a well-defined plant family, comprising seven tribes, 16 genera and 
about 650 species (Raven 1979, 1988; Hoch et al. 1993). The family belongs to the 
order Myrtales (Dahlgren & Thorne 1984; Johnson & Briggs 1984; Chase et al. 1993), 
but is quite isolated, marked as monophyletic by at least five autapomorphies (for 
review, see Raven 1988). Leaf, wood and floral anatomy have been studied 
extensively; chromosome numbers are known for most taxa and chromosome 
morphology for all major groups; and breeding systems and pollinators, flavonoids 
and palynology have been investigated for much of the family (see Raven 1988; 
Hoch et al. 1993). Recent molecular analyses of relationships in the family, 
summarized in Conti, Fischbach & Sytsma (1993), while not entirely consistent with 
one another, nevertheless have provided phylogenetic models within which to 
examine comparative data from other sources. 

Regarding the embryology of the family, about 100 publications are available from a 
bibUography compiled by Davis (1966: for publications until 1965) and Nagendran & 
Dinesh (1989: for articles published between 1965-1985). Most of the works published 
from the 19th century to the middle of the 20th century had described micro- and 
megasporogenesis and megagametogenesis (i.e., embryo sac formation) using light 
microscopy. In these works, the distinctive pattern of megasporo- and megagametogenesis 
named the 'Oenothera' type, which was reported by Geerts (1908) in Oenothera glazioviana 
('O. lamarckiana') for the first time, was confirmed in 12 of the 16 genera. More recently, 
many studies have used fluorescence or transmission electron microscopy to investigate 
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the megasporogenesis of Oenothera and Epilobitim in relation to polarity ai^ the 
competWon between megaspores in a tetrad, or their megagametogenesis to Jo™ 
tnudeate Oenothera typf e^ryo sac. UnHl recently relatively little 
paid to other embryological characters, and many of more than 50 characters that 
discuss in this paper have remained unstudied, including such features as t 
development of anthers, ovules (the integuments and nuceUus in particular) ^ee 
We have presented analyses of certain embryological characters in the whole fanu y, 
specifically, on the histogenesis of integuments (Tobe & Raven 1985 and on the divi 
(or septate) sporogenous tissue of anthers (Tobe & Raven 1986a). Subsequently, 
examined some 40 embryological characters in 11 species of Liidivigia, representing 
seven of its 23 secHons (Tobe & Raven 1986b). As a result, except for the 
of the anther and integuments, we now can summarize the present level of knowledge 
as follows: Ludzmgia isCoughly known; Oenothera, Clarkia (now including 
heterandra; Lewis & Raven 1992), Chamerion and Epdobium (now mdudm^ Boisdiwaha 
Hoch & Raven 1992) are relaHvely well known; Circaea, Lopezia, Camtssonia, Gayophytw 
and Stenosiphon are known to a hmited degree; and Fuchsia, 

Xylonagra, Cahyhphus and Gaum are little known or unknown (for references to individual 
genera, see footnotes in Tables 2-4). 

The purpose of this paper is to clarify embryological attributes of all genera of Ona^^eae 
in order to provide a basis for comparison with other families and within the fam y, 
and, on the basis of additional embryological evidence, to discuss familial and generic 
relationships. For this purpose we have investigated one or more species of 1 
onagraceous genera (Table 1). Subsequent to the specimen examination and data collection 
for this study, it has been demonstrated that Chamerion should be segregate 
Epilobium (Baum, Sytsma & Hoch 1994; Hoch, unpublished data). No collechon of 
Chamerion was included in our specimens, however, there are several reporLs for it in the 
literature (Lebegue 1948b, among others). Because there is no evidence of embryological 
differences between these two groups in the available 

Chamerion separately in this report. Our previous study of Ludzoigia (Jobe & Rave 
1986b) indicated that most embryological features (except for those of embryogenesis 
and seed coat anatomy) do not vary within a genus. This relationship allows us to use 
one or a few species as representative of the general embryological features of each 
genus in the aLence of other information. We have also incorporated previously 
published information about embryology of Onagraceae, evaluating it and presenting it 
along with our own results. 


Materials and methods 

Tliirty-three species representing 14 genera were investigated. All three major components 
of embryology — i.e., anthers, ovules and seeds — were examined in each sp^^s for 
which sufficient material was available (Table 1). Samples of flower buds and fruits in 
various stages of development were fixed in FAA (5 parts stock formalin; 5 parts glacial 
acetic acid; 90 parts 70% ethanol). Observations were made using serial microtome 
sections, except that the number of cells in a mature poUen grain was observed using 
whole pollen grains stained with 1% aceto-carmine (Tobe & Raven 
preparing microtome sections are presented elsewhere (Tobe & Raven 1986b). 

We have made a sufficient number of observations to determine the type of 
embryogenesis in only a few genera, although some features of embryogenesis are 
reported for most of our samples. Likewise, we report here only hnnted informc^ion 
about seed coat structure, which nearly always vanes within individual 
Oenothera, see Tobe, Wagner & Chin 1987; Ludzuigia, see Tobe & Raven 1986b; Tobe, 
Raven & Peng 1988), because our focus in this paper is on generic relationships. 
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Table 1. Species examined, collection information, and reproductive parts examined. 
Key: +, examined; (+), partially examined; -, not examined. 




Parts examined 

Species 

Collection Anthers 

Ovules 

Seeds 

Tribe Fuchsieae 

Fuchsia jimenezii 

Breedlove, Berry, & Raven 

Costa Rica, Monteverde, Haber, 

Baker & Baker 434 (MO) 

+ 

+ 


F. paniculate Lindley 

Mexico, Chiapas, Breedlove 42742 (MO) 

+ 

+ 

- 

F. radicans Miers 

Brazil, S5o Paulo, Campas de Jordao, 
Ramamoorthy 676 (MO) 

+ 

+ 

(+) 

Tribe Circaeeae 

Circaea alpina L. 
subsp. pacifica 
(Asch. & Magnus) Raven 

Cult., Univ. British Columbia Bot. Gard. (UBC) 

+ 

+ 

+ 

C. cordate Royle 

Cult., Missouri Bot. Gard. #762431; plants 
from USSR, Vladivostok, Raven in 1975 (MO) 

+ 

+ 

+ 

Tribe Lopezieae 

Lopezia langmaniae Miranda 

Mexico, Chiapas, Breedlove 32300 (CAS) 


+ 


L. racemosa Cav. 
subsp. racemosa 

Mexico, Chiapas, Breedlove 7030 (CAS) 

+ 

+ 

+ 

Tribe Hauyeae 

Flauya eiegans DC. 
subsp. eiegans 

Mexico, Chiapas, Breedlove 42631 (MO) 

(+} 

+ 

{+) 

FI. heydeana Donn.Sm. 

Mexico, Chiapas, Breedlove 15669 (MO) 

+ 

+ 

(+) 

Tribe Onagreae 

Gongylocarpus fruticulosus 
(Benth.) Raven & Breedlove 

Mexico, Baja California, Magdalena Is., 

Verity 037 (MO) 


+ 


G. rubricaulis 

Schidl. & Cham. 

Mexico, Chiapas, Breedlove 41880 (MO) 

+ 

+ 

+ 

Gayophytum humile A. Juss. 

U.S.A., Oregon, Jefferson Co., Chambers 

4834 (OSC) 

+ 

+ 

+ 

G. ramosissimum 

Tcrrey & A. Gray 

U.S.A., Oregon, Deschutes Co., Chambers 

4817 (OSC) 

+ 

+ 

+ 

Xylonagra arborea (Kellogg) 
Donn.Sm. & Rose 

Mexico, Baja California, Verity, Nakai, & 

Angel in 1979 (MO) 

+ 

+ 

+ 

Camissonia californica 
(Nutt, ex Torrey & A. Gray) 
Raven 

Cult., UCLA Bot. Gard., Verity s.n., no voucher 

+ 

+ 

(+) 

C. ovata (Nutt, ex 

Torrey & A. Gray) Raven 

U.S.A., California, Marin Co., Raven & Raven 
26148 (MO) 

+ 

+ 

+ 

Calylophus hartwegii 
(Benth.) Raven subsp. 
fendleri (A. Gray) 

Towner & Raven 

U.S.A., Texas, Jeff Davis Co., Powell 3621 (MO) 



{+) 

C. lavandulifollus (Torrey 
& A. Gray) Raven 

U.S.A., Nevada, Lincoln Co., Tiehm & Williams 
6572 (MO). 

+ 

+ 


C. serrulatus (Nutt.) Raven 

U.S.A., Kansas, Pecos Co., Brooks 15533 
(KANU) 

+ 

{+) 


Gaura boquillensis 

Raven & Gregory 

U.S.A., Texas, Brewster Co., Powell & 

Powell 3608 (MO) 

+ 



G. longiflora Spach 

U.S.A., Missouri, Jefferson Co., Wagner, Mill, 

& Tobe 4522 (MO) 


(+) 


G. mutabilis Cav. 

Mexico, Mexico, Rzedowski 34992 (ENCB) 

+ 

+ 

+ 

Oenothera Hava [A. Nelson) 
Garrett subsp. flava 

Mexico, Durango, Wagner & Solomon 4321 
(MO) 

+ 

+ 

+ 

0. fruticosa L. 
subsp. fruticosa 

Cult., Missouri Bot. Gard. #M1908; plants 
from U.S.A., North Carolina, Pender Co., 
Boufford et al. 21575 (CM) 

+ 

+ 
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Table 1 (continued). 


Species 

0. villosa Thunb. 

subsp. villosa 
Stenosiphon linifolius 
(Nutt.) Heynhold 
Oarkia dudleyana (Abrams) 

J. F. Macbr. 

C heterandra (Torrey) 

H. Lewis & Raven 

[Syn: Heterogaura heterandra 

(Torrey) Cav,] 

C. tenella (Cav.) Lewis & 

Lewis subsp. tenella 


Collection 

U.S.A., Missouri, St. Louis Co., Wagner, Mill, 
a Tobe 4519 (MO) 

U.S.A., Oklahoma, McClain Co., Sullivan 
1038 (OKL) 

U.S.A., California, Gottlieb 129 
U.S.A., California, Tuolumne Co., Gottlieb 
in 1977 (MO) 


Chile, Malleco, Curacao, Marticorena a 
Ovezada 1669 (MO) 


Parts examined 
Anthers Ovules Seeds 


+ 

+ + 

+ + 

+ + 


+ 


+ 


+ 


Tribe Epilobieae 

Epilobium canum (Greene) 
Raven subsp. canum 
E. dliatum Raf. subsp. 
watsonii (Barbey) Hoch 
& Raven 

E. condnnum (D. Don) 

Hoch & Raven 
[Syn: Boisduvalia subulata 
(Ruiz & Pavbn) Raimann] 
E. pygmaeum (Speg.) 

Hoch & Raven 

[Syn: Boisduvalia glabella 

(Nutt.) Walp.] 


Cult., Univ. Calif. Bot. Gard. (Berkeley), 
UCBG 58.996 (UC) 

U.S.A., California, Marin Co., Sharp in 1967 
(MO) 

Chile, Nuble, Cheese a Watson 4405 (K) 


U.S.A., California, Yolo Co., Crampton 9212 
(MO) (+) 


+ 


+ 


Results 

Most embryological characters examined were constant within the entire family 
(Tables 2-4). In these tables, features reported earlier are indicated with an asterisk 
(*); all other features are reported here for the first time. All features mentioned in 
the following discussion are common to the entire family, as far as known, unless 
differences between genera and species are mentioned specifically. 

Anthers and microspores (Table 2): In general, the anther wall varies from five to 
six cell-layers thick, but it is often three or four cell-layers thick in Gayophijtuni and 
four cell-layers thick in Clarkia heterandra. The anther wall is basically composed of 
an epidermis, an endothecium, two or three middle layers and a tapetum. In most 
genera the middle layers share their histogenetic origin with both the endothecial 
and the tapetal cells (i.e., Basic type; Fig. 1), although both or either of the middle 
layers may be lacking in Gayophytum. However, in Hauya, Calyhphus, Gaura and 
Clarkia, the middle layers have a'common histogenetic origin with the tapetal cell 
(i.e., Monocotyledonous type; Fig. 2). In Calylophiis and Gaura, the Basic type also 
occasionally occurs, but it is not the predominant condition. 

As the anther develops, the middle layers are completely crushed. The epidermis is 
basically persistent until the time of anther dehiscence, although it may collapse 
locally. The endothecium always develops fibrous thickenings. The tapetum is 
glandular and its cells become two-nucleate. We did not see any tapetal cells with 
more than three nuclei in the species we examined, although Geerts (1909) has 
reported two- to four-nucleate tapetal cells in Oenothera glazioviana CO. lamarckiana'). 

Meiosis in the microspore mother cells was accompanied by simultaneous cytokinesis 
in the material we examined. The arrangement of microspores in a tetrad is mostly 
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tetrahedral. Decussate or isobilateral arrangements also occur, but at low frequencies. 
Pollen grains are two-celled when shed. 

Ovular orientation and integuments (Table 3): Tire ovule is anatropous and bitegmic, 
and the micropyle is formed by both integuments. For Stenosiphon, Johansen (1930b) 
reported that 'the inner integument is prolonged into a beak-like process,' and presented 
drawings of ovules showing the micropyle formed by the inner integument alone (1930b: 
319, Figs 6, 7 [sterile ovule]). However, we have confirmed that the micropyle of 
Steiiosiplion is also formed by both integuments. The micropyle appears to be formed 
largely by the endostome of a highly prolonged inner integument, but the outer 
integument is also prolonged and its bp exceeds that of the inner integument. A more 
or less prolonged inner (and outer) integument of tlris kind was observed in other 
genera of tribe Onagreae (e.g., Calylophus) and is not restricted to Stcnosiphon as a 
characterisbc feature. At any rate, its appearance accounts for Johansen's misinterpretabon. 

Early in ontogeny both the inner and the outer integument arise almost 
simultaneously, or the inner integument arises a little earlier than the outer one, 
from an ovular primordium (see Tobe & Raven 1985: 452, Figs lA, B; 459, Fig. 4A). 
In subsequent stages of development in most genera (generally up to the megaspore 
mother cell stage), the two integuments grow together, so that the tip of the inner 
integument exceeds that of the outer integument or reaches the top of nucellus 
earlier than the latter (Fig. 3). However, in the species examined of Epilobium 
(Figs 4, 5) and Gayophytum (Fig. 6) the development of the inner integument is 
extremely retarded. For instance, at the megaspore mother cell stage, the inner 
integument is much shorter than the outer one, whereas the tip of the outer 
integument reaches near the top of the nucellus. In a few ovules of Oenothera flavn, 
the inner integument was somewhat shorter than the outer one, but most samples of 



Figs 1 and 2. Transverse sections of young anthers showing two different types of wall formation. 
1. Basic type (photo from Oenothera fniticosa). 2. Monocotyledonous type (photo from Clnrkia 
dudleyana). See text for explanation. Abbreviations: ct, endothecium; ep, epidermis; me, 
microspore mother cell; ml, middle layer; t, tapetum. Scales equal 10 pm. 
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this species and ail those of other species of Oenothera examined do not have shorter 
inner integuments. An obturator is absent. 

Megagametophyte and nucellus (Table 3): The archesporium in Onagraceae is rnulti- 
celled, comprising three to five cells. Archesporial cells are usually distinguished 
from somatic cells by their larger size, denser cytoplasm and more prominent nucleus 
(Maheshwari 1950). However, it was very difficult to determine the number of 
archesporial cells, because the difference is not conspicuous between the archesporial 
and the somatic cells. We often confirmed the presence of a multi-celled archesporium 



Figs 3-6. Longitudinal sections of young ovules showing early development of integuments. 
3. Lopezia racemosa. 4. Epilohium canwn subsp. canum. 5. Epilobium concinmim (Boisduvalia siibuinta). 
6. Cayophytum ramosissimum. In contrast to that of most genera (for example, as in Fig. 3), the 
inner integument (ii) of Epilobium and Cayophytum (Figs 4—6) is extremely retarded in early 
development and is much shorter than the outer integument (oi). All scales equal 20 pm. 
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by looking at periclinal divisions of several hypodermal archesporial cells that give 
rise to the primary parietal and the sporogenous cells (Figs 7, 8: Fuchsia mdicans). 

Most earlier authors have not specified the number of archesporial cells, but have 
implied that the archesporium is one-celled (see Davis 1966; Seshavataram 1970). 
Nevertheless, the occurrence of a multi-celled archesporium has occasionally been 
reported in various species and genera of Onagraceae, although without reference to 



Figs 7 and 8. Longitudinal sections of two young ovules of Fuchsia radicans showing a multi-celled 
archesporium. Plural archesporial cells (ac) are differentiated, and most of them divide periclinally 
to give rise to the primary parietal cell (pp) and the sporogenous cell (s). Scales equal 20 |im. 
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its relative frequency, for example, in Epilobium (Michaelis 1925), Lopezia (Tackholm 
1914) and Oenothera (Hulbary & Rao 1959; O'Neal 1923; Subramanyam & Govindu 
1948). In his study of Oenothera tetraptera (‘Hartmannia letraplera'), Johansen (1929: 
289) corrected his early notes on the archesporium, from 'probably several 
archesporial cells [exist]' to 'a single archesporial initial [exists],' stating that 'cells 
adjoining the archesporial initial may often simulate the functional appearance of 
the latter.' However, all samples of Onagraceae we examined had plural archesporial 
cells in conformity with a few earlier reports of the occasional occurrence of plural 
archesporial cells (e.g., Hulbary & Rao 1959; Michaelis 1925; O'Neal 1923; 
Subramanyam & Govindu 1948), as well as of plural megaspores (derived from 
different archesporial cells) and embryo sacs (e.g., Langendorf 1930; Renner 1914; 
Tackholm 1915). These earlier reports also seem to suggest that the multi-celled 
archesporium is prevalent. We cannot confirm the existence of a one-celled 
archesporium in any Onagraceae. 

Usually a sporogenous cell derived from one of the plural archesporial cells increases 
its volume and becomes a megaspore mother cell. The megaspore mother cell 
undergoes meiosis, forming nearly always a linear tetrad of megaspores (Figs 9-12) 
and very rarely an oblique linear tetrad. A triad of megaspores may also occasionally 
occur, resulting from the suppression of homotypic division in the lower cell of the 
dyad (for the frequencies of triads in certain genera, see Rodkiewicz & Sniezko 



A 



Fig. 9. Diagrams illustrating two contrasting ovules with respect to the thickness of parietal 
tissue (pt) lying above a tetrad of megaspores (tm). a. Ovule with a thin parietal tissue (5 cells 
thick), b. Ovule with a thick parietal tissue (22 cells thick). 
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Figs 10-18. Longitudinal sections of ovules of some genera at the megaspore tetrad stage (Figs 10-16 
and 18) and at the 2-nucleate embryo sac (es) stage (17), showing the thickness of parietal tissue (pt) 
and the position of a tetrad of megasporos (tm). 10. Fiicbsin jimenczii. 11. Lopezia mcetnosa. 12. Epilobiiiw 
ciliattwi subsp. watsouii. 13. Cnyophyhim rninosissimum. 14. Clnrkia icncUa. 15. Hnuya clcgmts. 16 and 
17. Clarkia helcrandra {'Heterogaura') 18. Gmigyhcarpus fmticulosus. See text for explanation. Scales 
equal 20 pm, 20 pm, 20 pm, 20 pm, 50 pm, 100 pm, 100 pm, 20 pm and 50 pm, respectively. 
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1978). A micropylar megaspore in the tetrad is functional and enlarged (Fig. ), 
while the three remaining megaspores degenerate. A chalazal megaspore, instead of 
the micropylar one, or both the micropylar and chalazal megaspores may rarely 
appear to be functional, but we have never observed the chalazal megaspore to 
develop into an organized embryo sac. The nucleus of the functional micropylar 
megaspore always is located on the micropylar side of the cell and, following its 
mitotic divisions, develops into a two- (Fig. 19) and a four-nucleate (or -celled) 
Oenothera type embryo sac (Fig. 20). An organized embryo sac has one egg cell, two 
synergids and one polar nucleus. 

Some genera of Onagraceae differ markedly in the thickness of their nucellar tissue, 
particularly in the parietal tissue derived from archesporial cells (for two contrasting 
ovules, see Figs 9a, b). The primary parietal cell (see pp in Figs 7, 8) denved from the 
archesporial cell divides periclinally, and the two daughter cells continue to divide 
periclinaUy. Consequently, above the linear tetrad of megaspores lies a relahvely thin 
layer of parietal tissue, about five to eight cells thick (Fig. 9a), as found m Fuchsm 
(Hg. WX Circaea, Lopezia (Fig. 11), Epilobium (Fig. 12) and G<ii/oplf uw (Fig. 13), or a 
relatively thick layer, about ten to 20 cells thick (Fig. 9b), as found in Clarkia (Fig. 14), 
Hamm (Fig. 15), Gongylocarpus, Xylonagra, Camissonia, Calylophus, Gaura, Oenothera and 
Steiiosiphon. In most genera the tetrad of megaspores is deeply buried in the nucel us 
and, except in Glarkia heterandra (‘Heterogaiira’) and Go»^^/ocnrpi(S, is positioned at or a 
little above the bottom of the nucellus. Compared to other species of Clarkia, C. heterandra 
is unusual in that the divisions of the parietal cells are retarded and that a tetrad o 
megaspores is positioned in the middle of the nucellus (Fig. 16). At this stage, C. heterandra 
has a thin layer (about five to eight cells thick) of parietal tissue above and a somewhat 
thicker nucellar tissue below the megaspores (Fig. 16). In later stages of development, 
the cells of both tissues above and below divide rapidly, increasing their respective 
thickness, so that the embryo sac comes to be positioned in the center of the nucellu^ m 
the two-nucleate embryo sac stage, the parietal tissue is up to 16 to 20 cells thic 
(Fig. 17). Gongylocarpus is similar to most other genera of the tribe Onagreae in having 
thick parietal tissue (18 to 20 cells thick) above the tetrad of megaspores, but less nucellar 
tissue than the other genera below the tetrad, so that the tetrad is positioned between 
the bottom and the center of the nucellus (Fig. 18). 


A nucellar cap derived from the nucellar dermal cell by its periclinal division is two 
or three cells thick if present, but is relatively insignificant and poorly defined. For 
these reasons, we do not consider it to be a useful feature for making comparisons 
between genera. 

Starch grains, whose functional aspects have sometimes been discussed in relation 
to the polarity of megaspores in a tetrad (e.g., Rodkiewicz & Bednara 1974; Rodkiewicz 
& Sniezko 1978; Sniezko & Harte 1984a), are abundant in the nucellar cells, 
megaspores and embryo sac before fertilization, particularly on the micropylar side 
(Fig. 20). They become less conspicuous in the post-fertilization stages, however. 
Ishikawa (1918: 311) gives a comparison among some genera, noting that starch 
grains in the nucellus are 'many' in species of Oenothera, Gaura and Circaea,^ very 
few' in Chamerion angustifoliuni ('Epilobium') and 'none in Clarkia (Codetia sp.) and 
Fuchsia macrostemnuh However, we have confirmed the presence of starch grains in 
the nucellus and the embryo sac in all species examined of all genera, including 
Epilobium, Clarkia and Fuchsia. 

A hypostase, which is distinguished by accumulation of densely staining tannin-like 
substances in its cells and the thickening of those cell walls, is always formed although 
its differentiating stage is different from species to species. According to Johansen 
(1928), Oenothera, Gaura, Clarkia and Circaea possess a definite hypostase, whereas 
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Figs 19-22. Longitudinal sections of ovules and seeds in various stages of development, showing 
general embryological features in older embryo sacs and nucelli. 19. Ovule with two-nucleate 
embryo sac (photo from Gaum miitabilis). Note two nuclei positioned on micropylar side. 

20. Ovule with organized embryo sac composed of an egg apparatus (eg) and a single polar 
nucleus (pn); arrowheads indicate scattered starch grains in nucellus (photo from Fuchsia mdicans). 

21. Ovule with embryo sac just fertilized showing porogamy (photo from Gayophytum 
ramosissiniuni). See pollen tube (pol) penetrating into the nucellus on micropylar side. 22. Seed 
with embryo sac containing free endosperm nucleus (fe) and a globular proembryo (pern) 
(photo from Clarkia heterandra). All scales equal 50 pm. 
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the maioritv of species of Epilobium and Fuchsia are characterized by its atisence_ 
Sow'ver we have confirmed Ihe presence of a hypostase i.r al spec.es examined of 
EpZium and Fncte/a, as well as in fhe other genera for wh.ch mfyma m,, on the 
hypostase has not been available earlier. It appears, therefore, to be common to 

species of Onagraceae. 

Fertilization, endosperm and embryo (Table 4): Furtigation is porogainom 

Johansen (1934) reports irregularities with respect to the path of f ® 

of Circaea alpina subsp. pacifica. but we were not able to confirm his f sejva t ons in the 

material of tliis taxon that we examined. Endosperm formation is 

(Fig. 22). The endosperm is scanty throughout the process of seed development bvei 

in a nearly mature seed, a limited amount of cellularized 

periphery of the embryo sac and particularly on the chalazal side (Fig 28). The mahire 
Led^coSpletely lacks'endosperm (e.g., in Fuchsia, Fig. 23, and Cougijlocai pus, Fig. ). 

Earlier, the Onagrad type of embryogeny has been reported 
(Soueees 1946), Oenothera (Soueges 1920), Chamerion (Lebegue 1948b) and Eptlobn n 
(Leb^ue 1948a). We observed the Onagrad type in Cayopinjtum hunnle w 

ovata and Clarkia heteraudra. The embryo in a mature seed is straight and 
dicotyledonous with a short suspensor (Fig. 26). 

Seed appendage and seed coat (Table 4): Except in Hauya, Xylonagra, 

EpilobiL, the seeds of Onagraceae have no conspicuous ^PP^"f‘"Ses. ®oth 
and Xylonagra have a wing on the chalazal side. The wing is flat along the axis o 
raphe to antiraphe. All species of Chamerion and all but a few species of 
(especially species of the former Boisduvalia) have a coma on the chalazal end of the 
seed that is composed of a tuft of unicellular trichomes. 

The mature seed coat basically comprises the exotesta, endotesta, exotegmen and 
endotegmen. In addition, a mesotesta is present in Fuchsia (Figs 23,24), Circata ,(Fig^25 , 
Lopezia Oenothera (some species only) and Stenosiphon (Tobe Wagner & Chin 1987), 
whereas Gongylocarpus (Figs 26, 27), Xylonagra (Figs 28, 29) and all other genera lack a 
mesotesta. As mentioned previously, we did not examme the variation of coat 
structure within particular genera, which is often extensive, for the purposes of fliis 
paper. The following are common features characteristic of the whole family. The 
endotesta, which may be relatively less conspicuous in some species of various genera 
than usual for the family, is crystaliferous, and its cells are vanously thick-walled, he 
exotegmen is composed of longitudinally elongate fibrous (or tracjeoidal) celb; the 
endotegmen comprises longitudinally elongate, tanniniferous cells. Carlquist & ^ven 
(1966) described the seed coat histology of Gongylocarpus rubricauUs as entirely cAff^en 
from that of G. fruticulosus, but we found them to be similar (G. rubneauhs. Fig. 27); both 
species share a crystaliferous endotesta and a fibrous exotegmen. 


Discussion 

In 1983, on the basis of the limited information then available, we discussed the 
relationships of Onagraceae with the other families of the order Myrtales. We concluded 
that 'none of the embryological attributes of Onagraceae suggests a particular relationship 
either to Lythraceae or to any other family' (Tobe & Raven 1983: 86-87). As a result of 
our subsequent studies, (see Tables 2-4; Tobe & Raven 1986b), however, we have 
confirmed that most embryological features such as the Oenothera type embryo sac, are 
common to the entire family Onagraceae. With respect to the relationships of the family, 
we offer the following observations. First, the Oenothera type embryo sac distin^ishes 
Onagraceae from all other myrtalean families. Second, the presence of the multi-celled 
ovule archesporium (except in Ludwigia), as well as the presence of starch grains m the 
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nucellus, suggest close resemblance between Onagraceae and Lythraceae (for the presence 
of multi-celled ovule archesporium and starch grains in Lythraceae, see Hubert, 1896; 
Joshi & Venkateswarlu 1935a, b, 1936; Venkateswarlu 1937). Third, the combination of 
a crystaliferous endotesta and a fibrous exotegmen indicates relationships of Onagraceae 
with Lythraceae and Sonneratiaceae, but not with other families including Myrtaceae 
and Melastomataceae. Tl-ius we now would conclude that embryological features do 
support the traditional view that Onagraceae are directly related to Lythraceae. We shall 



Figs 23-29. Transverse (23 and 24) and longitudinal sections (25-29) of seeds showing seed and seed 
coat structure in various genera. 23-27. Mature seeds. 28-29. Immature seeds. 23-24. Seed and seed 
coat of Fuchsia jimenezii. 25. Seed coat of Circaea cordata. 26-27. Seed and seed coat of Gongylocaqjus 
rubrkauUs. 28-29. Seed and .seed coat of Xyloimgra arborea. Note tliat the seed coats of Fuchsia and 
dream are thick and have mesotesta (mts), whereas those of Gongylocarpus and Xylonagra are thin 
and lack mesotesta. Additional abbreviations: ce, cellular endospemi; cot, cotyledon; em, embryo; 
entg, endotegmen; ents, endotesta; extg, exotegmen; exts, exotegmen; sc, seed coat. 
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continue to consider the relationships of Onagraceae as additional information on the 
embryology of other families of Myrtales becomes available. 

Relationships within Onagraceae: A comparison among the genera of Onagraceae 
indicates that the foUowing four embryological features differ significantly within the 
family. (1) Anther wall development is predominantly either the Basic or the 
Monocotyledonous type; (2) the ovule archesporium is one- or multi-celled; (3) the inner 
integument is retarded in development or not; and (4) the parietal tissue lying above the 
tetrad of megaspores is either thin or thick. The distribution of features of these four 
characters within Onagraceae is presented in Table 5, along with that of features o 
integumentary histogenesis (Tobe & Raven 1985) and of divided microsporangium 
(Tobe & Raven 1986a), features that we found earlier to differ within the family. 


Ludxuhia is the only genus that characteristically has a one-celled ovule archesporium, 
in contrast to the multi-celled archesporium in all other genera. Ludivigm now appears 
unambiguously to be a sister group to the remainder of the 

basis of evidence from floral morphology and anatomy (Hyde 1981; Hoch ej al. 1993) 
and from molecular analyses of both ribosomal DNA (Bult & Zimmer 1993) and 
chloroplast rbcL data (Conti, Fischbach & Sytsma 1993). For example, Ludioigia has 
floral nectaries on the gynoecium, instead of at the gynoecium and floral tube |unction 
as in all other genera, and both central and transseptal bundles for ovule supply, 
instead of only transseptal bundles as in all other genera (Hyde 1981). The difference 
in the number of archesporial ceUs in an ovule supports the hypothesis that Uidivigm 
does indeed represent an evolutionary branch separate from the rest of the family. 


Hauya (Hauyeae) and all genera of the tribe Onagreae except Gaijaphijtum agree with 
one another in having markedly thick parietal tissue in the ovule. Hainja further agrees 
with Calylophiis, Gaiira, and Glarkia of Onagreae in having the Monocotyledonous type 
anther wall formation, instead of the Basic type common to all other genera 
Coincidences between Hauya and members of Onagreae have already been indicated 
by other embryological evidence. For instance, Hauya shares with Galylophus and Gaura 
a distinctive histology of the outer integument (Tobe & Raven 1985), and also shares 
with Galylophus, Gaum and Glarkia the apparent apomorphy of microsporogenous 
tissue divided by septa composed of parenchyma and tapetum into many small packets 
(Tobe & Raven 1986a). Tliis evidence, thus, suggests a close relationship oi Hauya with 
tribe Onagreae, particularly with Galylophus and Gaura, and probably also with Glarkia. 
However, several molecular analyses using both nuclear (Crisci et al. 1990; Bult & 
Zimmer 1993) and chloroplast DNA (Sytsma, Smith & Hoch 1991; Conti, Fischbach & 
Sytsma 1993), contradict this placement of Hauya near Onagreae, instead supporting a 
close relationship of Hauya to Fuchsia and Circaca. Ongoing molecular analyses that 
include all relevant taxa and 'total-evidence' analysis of the studies already available 
mav resolve this controversy, and provide a robust hypothesis within which to interpret 
the evolution of these embryological characters. The chalazal seed wing shared by 
both Hauya and Xylouagra seems to represent a parallel (homoplasious) evolution, 
since no other evidence supports a close relationship between them. 


In Gayophytum, unlike other members of the tribe Onagreae, but like Epilobium (tribe 
Epilobieae), the early development of the inner integument is retarded. In addition, 
Gayophytum resembles Epilobium, rather than other Onagreae, in having thin parietal 
tissue in the ovule. This rather surprising suggested relationship appears to be 
supported by sequence data from analysis of the internal transcribed spacer region 
(ITS) of the nuclear ribosomal gene (Baum & Sytsma, unpublished data). This suggests 
that Onagreae may not be monophyletic because Epilobieae appears to be nested 
within it; the two tribes together, however, appear to form a monophyletic group. 
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Some comments seem in order regarding the embryological features of Clarkia helcrandra, 
which until recently has been segregated as the genus Heterogaura, but is now 
unambiguously assigned to Clarkia as a monotypic section closely related to C. dudleyam 
and the other species of section Peripetasma (Lewis & Raven 1992). Its relationships 
were first revealed by evidence from restriction enzyme analysis of chloroplast DNA 
(Sytsma & Gottlieb 1986a, b) and subsequent analysis of nuclear rDNA (Sytsma & 
Smith 1988). Embryologically, however, C. heterandra differs from all other species of 
Clarkia in the histology of its nucellus. All other species of Clarkia and of the entire tribe 
Onagreae (except for Gayophytiim), as well as Hauya, have markedly thick parietal 
tissue, so that the underlying tetrad of megaspores is deeply buried and positioned 
nearly at or a little above the bottom of the nucellus. In contrast, in C. heterandra the 
parietal tissue is thin at the megaspore tetrad stage, and the tetrad of megaspores is 
positioned at the middle of the nucellus. Later both the parietal cells above and the 
nucellar cells below the megaspores divide rapidly to form a massive nucellus. This 
marked difference in nucellar histology clearly distinguishes C. heterandra from other 
species of Clarkia and other genera of Onagreae. Since the macromolecular evidence of 
its close relationships with and probably derivation from Clarkia section Peripetasma is 
unequivocal, however, we conclude that the unusual embryological features of 
C. heterandra, like its distinctive morphological and anatomical characteristics, were 
derived within its evolutionary line after its separation from other species of Clarkia. 
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Table 5. A comparison in selected embryological characters among genera of Onagraceae. 
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' Data from Tobe & Raven (1986a). Tapetal = tapetal septa; Parenchym. = parenchymatous septa. 

^ Data from Tobe & Raven (1985). Dermal = the outer integument (oi) is formed only by derivatives of dermal initials of an ovule primordium, no derivatives of subdermal initials contributing to 
the formation of oi; Partially subdermal I and II = derivatives of subdermal initials participate in the formation of the oi but are restricted to the basal part of oi (I) or reach more than half as much 
as (but less than) the whole length of oi (II); Subdermal = derivatives of subdermal initials participate well in the formation of the oi and reach up to its tip. 

^ Data from Tobe & Raven (1986b). 
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Floral development in the Metrosideros 
group (Myrtaceae) with special emphasis 
on the androecium 

D.A. Orlovich, A.N. Drinnan and P.Y. Ladiges 


Abstract 

Orlovich, D.A., Drinnan, A.N. and Uidiges, P.Y. (School of Botany, The University of Melbourne, ParkviUe, 
Victoria 3052, Australia) 1996. Floral development in the Metrosideros group (Myrtaceae) with special 
etnphasis on the androecium. Telopea 6(4): 689-719. The floral development of eleven taxa in the 
informal 'Metrosideros group' (Myrtaceae) is described. Two general patterns of androecial 
development are identified. The multistaminate fascicles of hophostemon confertus, L. suaveoiens, 
L. lactifluus, Welchiodendron longivalve and Tristaniopsis iaiirina develop from stamen primordia 
initiated on antcpetalous pre-staminal bulges. In Xanthostemon oppositifolius, X. verticillatus and 
Lysicarpus angnstifolius, which have a complete ring of unfused stamens, often with more stamens 
in the antcpetalous region, pre-staminal bulges do not develop prior to stamen initiation; stamen 
primordia are initiated directly on the floral tube. Differential hypanthial expansion results in the 
spreading-out of antesepalous stamens whilst antepetalous stamens remain clustered in front of 
the petals. Metrosideros collimt var. viiiosa, Tristania neriifolia and Thaleropia queenslandica have fewer 
stamens, which develop on either small pre-staminal bulges (M. coiiina) or on the flank of the 
invaginated floral apex. Staminal arrangement in all the taxa studied is a result of the interaction 
between the timing of androecial initiation and the available space on the hypanthium. 


Introduction 

The family Myrtaceae is large, diverse and widely distributed in the southern henaisphere, 
where it is a prominent component of the Australian flora, including 75 native genera, of 
which 55 are endemic. Based on morphological characters, Johnson and Briggs (1984) 
presented a phylogenetic analysis of Myrtaceae as part of a broader study of the order 
Myrtales. Roral characters included those of the androecium, which shows a variety of 
form in mature flowers. Within Myrtaceae, stamens vary in number, colour, length, position, 
whether they form clusters or not, and whether stamen filaments are united or free. 

Schmid (1980) discussed staminal placement in Myrtaceae in terms of diplostemony, 
haplostemony, obdiplostemony, and obhaplostemony. Johnson and Briggs (1984) argued 
for a more interpretative, rather than wholly descriptive approach, and presented an 
hypothetical scenario of sequences of androecial evolution. They suggested that the 
'origin of the family more or less coincides with the proliferation of stamen initials 
within each of the ten primordia corresponding to an earlier ancestral 5-merous, 
2 whorled condition' (p. 739). They concluded, thus, that the original androecial 
condition in Myrtales was diplostemonous (10 subequal stamens), but that, in 
Myrtaceae, this gave way first to obdiplostemony (10 stamens with smaller stamens 
opposite sepals) and then to 10 stamen fascicles, the antesepalous fascicles being small. 
From this they derived the range of conditions observed in mature flowers, including 
only antepetalous (obhaplostemonous) stamens or fascicles, rings of stamens, or 
reduction or suppression of stameris (Johnson and Briggs 1984, Fig. 8, p. 740). 

Although variation in form of mature myrtaceous flowers is relatively well known, 
developmental studies are needed for character definition (assessment of homology) 
and as evidence for character polarity (transformation from plesiomorphic to 
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apomorphic conditions) for phylogenetic analysis. Studies by Mayr ^69) and 
Bunniger (1972) of floral development in the order Myrtales provide a foundation 
on which to base new detailed studies, although neither worker was able to use 
scanning electron microscopy and results were presented as line drawings of sections. 
Our recent work on floral development of Angophora and Eucalyptus (Drinnan and 
Ladiges 1988,1989fl,h,c, 1991(7,1?) has allowed new interpretations of floral characters 
in these myrtaceous taxa and highlights that seemingly similar conditions in mature 
flowers can result from different developmental processes and are not therefore 
homologous (for example, stamen bundling in eudesmioid eucalypts is not equivalent 
to that seen in Eucalyptus microcorys, Drinnan and Ladiges 1991h). 

The present paper is the first in our series of floral development in Myrtaceae. It 
deals with the Metrosideros group of Briggs and Johnson (1979), which includes 
suballiances Kauia, Metrosideros, Xanthostemon and Lophostcmon pro parte (Johnson 
and Briggs 1984). Androecial development is described for eleven taxa (Table 1), 
which vary from having stamens in distinct, petal-opposed fascicles with strongly 
united filaments (Lophostemon and Tristaniopsis) to having a ring of free stamens 
(Metrosideros and Xanthostemon). 


Table 1. Collection information for the taxa examined 


Lophostemon confertus 

Lophostemon lactifluus 
Lophostemon suaveolens 

Lysicarpus angustifolius 
Metrosideros collina var. villosa 

Thaleropia queenslandica 

Tristania neriifolia 
Tristaniopsis laurina 
Welchiodendron longivalve 

Xanthostemon oppositifolius 

Xanthostemon verticillatus 


Victoria: On lawn S of Old Commerce Building, Melb. Univ. 
(cultivated), Drinnan AND 481, 25 Nov 1986; Orlovich DAO 
187, 1 Dec 1993, DAO 195 & Vadala, 20 Dec 1993 (MELU). 

Northern Territory: Mary R., Arnhem Highway, Wilson & 
Waterhouse UNSW4016, 11 July 1974 (NSW, UNSW). 

Queensland: 6.5 km SE, Kuranda, Waterhouse & Quinn UNSW 
1440, 22 Aug 1970 (UNSW); Fitzroy Island, off Cairns, Rozefelds 
DAO 233, 3 July 1994 (MELU). 

Queensland: Cherwell Range, Wilson PGW 569 & Rowe, 

7 Sep 1990 (NSW, BRI, ASU). 

New South Wales: Royal Botanic Gardens, Sydney, near 
Conservatorium gate (cultivated, accession #17682), Orlovich 
DAO 44 & Wilson, 5 May 1993 (MELU). 

Victoria: The University of Melbourne in pot near School of 
Botany glasshouses (cultivated), Orlovich DAO 199 & Vadala, 

8 Mar 1994 (MELU). 

New South Wales: Royal Botanic Gardens, Sydney (cultivated), 
Orlovich DAO 169 & Wilson, 4 Nov 1993 (MELU). 

Victoria: Royal Botanic Gardens, Melbourne (cultivated), Neish 
AND 561, 30 Nov 1992, AND 562, 4 Jan 1993 (MELU). 

Queensland: collected near Lockerbie (10° 47' S, 147° 27' E), 
altitude 20 m, Hyland 11042, 22 May 1981 (QRS); Cape York 
Peninsula, within 150 m of Pajinka Wilderness Lodge via 
Bamaga, Tree no. 1 from helipad track, Roberts DAO 237, 
4 April 1995 (MELU). 

New South Wales: Royal Botanic Gardens Sydney, Mount Annan 
garden (cultivated, accession # 865650), Orlovich DAO 221, 
12 May 1994 (MELU). 

New South Wales: Royal Botanic Gardens Sydney, Mount Annan 
garden (cultivated, accession # 923070), Orlovich DAO 36, 
4 May 1993 (MELU). 
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Materials and Methods 

The eleven taxa studied are listed in Table 1. Fresh specimens were fixed in either 
formalin-acetic acid-alcohol (FAA) or 70% ethanol. For scanning electron microscopy, 
flower buds were dehydrated in 100% ethanol and stained with 0.5% acid fuschin in 
95% ethanol for a minimum of 24 hours to aid visibility during dissection. Buds 
were dissected in 100% ethanol and critical point dried. Mounted specimens were 
coated with gold and examined with a scanning electron microscope (JEOL JSM 
840). Buds fixed in FAA or 70% ethanol were prepared for light microscopy by 
dehydration in ethanol followed by embedding in resin (LR White, London Resin 
Co.). Sections 1.0 pm thick were stained with 0.5% toluidine blue O in 0.1% NajCOj 
(O'Brien and McCully 1981). Flowers were cleared in 10 or 15% NaOH-basic fuschin 
as described in O'Brien and McCully (1981). 


Results 

Lophostemon confertus (R. Br.) Peter G. Wilson & ].T. Waterhouse 

Mature flowers of L. confertus have five sepals, five petals and five antepetalous stamen 
fascicles with approximately 70 filaments each (Fig. 1). The first two sepal primordia are 
initiated asynchronously in a decussate position relative to the bud scales (Fig. 2a). 
Subsequent sepals are initiated in a spiral pattern. The floral apex invaginates and the 
petal primordia are initiated on the flank of the developing concave floral apex (Fig. 2b), 
continuing the spiral pattern initiated in the sepals. Following petal initiation, a pre- 
staminal bulge (PSB) develops in the region centripetal to each petal primordium (Fig. 
2c, 3a) and a shallow vertical, groove-like depression develops in each bulge (Fig. 2d). 
Each antepetalous PSB remains distinct from those adjacent to it, which are different 
sizes due to asynchronous initiation (Fig. 2e). Stamens form on the PSB. The initiation of 
stamen primordia is bilaterally symmetrical around the shallow depression (Fig. 2f). The 
first-formed stamens are initiated in the centre of the PSB and along its top edge; 
subsequent stamens are initiated along both sides of the PSB (Fig. 2g) and always on the 
adaxial surface. The depression forms a notch in the top of the fascicle (Fig. 2h) and 
continues along its abaxial side (Fig. 2i). As the flower bud develops, the abaxial side of 
each PSB elongates to form a staminal fascicle that is bifid (Fig. 3b-^). Free stamens arise 
only from the adaxial side of the fascicle. The oldest stamens are those situated along the 
axial midline of the fascicle and younger stamens are positioned along the edges. Vascular 
traces of individual stamens remain distinct for the full length of the fascicle (Fig. 3e). 

Lophostemon suaveolens (Soland. ex Gaertn.) Peter G. Wilson & j.T. Waterhouse 

Mature flowers of L. suaveolens (Fig. 4a) have five sepals, five petals and five 
antepetalous stamen fascicles. The fascicles, like those of L. confertus, are bifid 
(Fig. 4b). The first two sepals are initiated asynchronously in a position decussate to 
the two floral bracts (Fig. 5a). A third sepal is initiated in space on the enlarging 
floral apex (Fig. 5b). At about the same time as the initiation of the third sepal, the 
floral apex invaginates (Fig. 5c). Subsequent sepals are initiated in a spiral sequence 
(Fig. 5d). The first petal primordium is initiated in the same sequence as the sepals 
(Fig. 5d) and is followed by the asynchronous initiation of the remaining four 
(Fig. 5e). As the petal primordia develop, the region directly centripetal to each petal 
primordium enlarges, forming a pre-staminal bulge (PSB) (Fig. 5f). The PSBs develop 
asynchronously (Fig. 5g) corresponding to the size of the associated petal. A vertical 
groove develops in each PSB (Fig. 5h) and stamen primordia are initiated 
symmetrically around this groove (Fig. 5i). Stamens are first initiated along the top 
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of the PSB (Fig. 5i) and later at the outer edges (Fig. 5j). The PSB and free filaments 
elongate to form the stamen fascicle. The groove in the PSB manifests as a cleavage 
in the bifid fascicle (Fig. 5k). 

Lophostemon lactifluus (F. MuelL) Peter G. Wilson & J.T. Waterhouse 

Flowers of L lactifluus have five antepetalous stamen fascicles (Fig. 6a). Unlike L. confertus 
and L. suaveolens, the fascicles are not obviously bifid (Fig. 6b) in the limited material 
available for this species. The petal primordia are initiated between the sepals on the 
flank of the invaginating floral tube (Fig. 7a). Stamens are initiated on a PSB opposite 
each petal (Fig. 7b). The first stamens are initiated in the centre of the PSB and later ones 



Fig. 1. Lophostemon confertus. Mature half flower. (x5.7). (from DAO 195). 
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at the outer edges (Fig. 7c). The stamen bundles thus fonued are clustered opposite each 
petal (Fig. 7d). The region of filament fusion in each bundle elongates (Fig. 7e) to 
produce a fascicle in the mature flower. In the mature bud, there is no obvious cleavage 
in the fascicle, however, there is a small gap at the centre of the tip of each fascicle 
indicating that stamens are not initiated first in this central position. Fascicles are situated 
on the rim of the hypanthium in the mature flower (Fig. 70 and have the same texture 
and colour as filament tissue rather than tissue derived from the hypanthium. 



Fig. 2. Floral development of Lophostemon confertus. a, young flower bud showing two large (Kl, 
K2) and three smaller sepal primordia. Two floral bracts (bud scales) have been removed (x 145); 

b, bud with sepals removed to show sequential initiation of the first few petal primordia (x 120); 

c, part of a flower bud showing two petal primordia (P). In front of each primordium is a swollen 
region, the pre-stammal bulge (PSB), upon which the stamens will develop (x 180); d, the petal 
primordium is clearly differentiated from the PSB, which has developed a shallow, vertical groove 
(arrow) (x 150); e, two adjacent petals and PSB. The left primordium is much larger than that on 
the right. Small swellings on the PSB beneath the left primonlium are individual stamen primordia; 
no stamen primordia have developed on the PSB on the right (x 95); f-i, initiation and development 
of stamen primordia on the PSB. Stamen primordia are first initiated along the lower central 
region and then along the top of the PSB. The groove extends back along the abaxial side of the 
fascicle (f x 110; g x 90; h x 68; i x 70). (a-h from AND 481; i from DAO 187). 
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Fig. 3. (left) Lophostemon confertus. a, median longitudinal section through a young flower bud 
at the stage of stamen initiation. By this stage the gynoecium (G) is well developed. K - sepal, 
P - petal, PSB - pre-staminal bulge (x 91); b, median longitudinal section through a mature 
bud (x 19.5); c, transverse section near the base of a single stamen fascicle after anthesis. 
Stamen filaments diverge from the inner side of the fascicle only. P - petal (x 37); d, section 
through the upper half of the same fascicle as c. The fascicle is split into two at this level. The 
epidermis is continuous around each half, indicating that the split is not a result of tearing 
during filament extension or specimen handling (x 37); e, cleared stamen fascicle showing 
individual filament vascular traces (arrows) (x 23). (a,b from AND 481; c-e from DAO 195). 



Fig. 4. Lophostemon suaveolens. a, mature half flower (x 11.6); b, stamen fascicle drawn from the 
back to illustrate the bifid nature of the fascicle (x 18.5). (from DAO 233). 
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Fig. 5. (left) Horal development in Lophostemon suaveolens. a, very small flower primordium. Two 
bracts have been removed to show the first sepal primordium (K) (x 170); b, flower bud with two 
sepal primordia (Kl-2) (x 250); c, flower bud with tliree sepal primordia (Kl-3) (x 250); d, flower bud 
with five sepal primordia arranged in a spiral pattern. Two sepals have been removed (Kl-2) to show 
the other three sepal primordia (K3-5) and the first petal primordium (P). The floral apex is beginning 
to invaginate (x 140); e, half flower bud with two sepals removed to show developing petal primordia 
(P). K - sepal (x 135); t, flower bud with three sepal and four petal primordia. A small PSB is visible 
directly in front of each petal primordium (arrows) (x 90); g, tlrree petal primordia (P) with a PSB in 
front of each one. Tl-iere is a distinct difference in size between adjacent petal primordia (x 190); 
h, two petal primordia with a PSB in front of each one. A vertical groove is visible on each PSB at this 
stage (arrows) (x 160); i, two petal primordia with a PSB in front of each one. Stamen primordia are 
visible along the upper edge of each PSB (x 90); j, part of a flower bud after initiation of most stamen 
primordia. Two petals have been removed (P). The oldest stamens are those situated at the upper 
central region of the PSB. There are small stamen primordia at the edges of each PSB (x 120); 
k, mature flower bud viewed from the outside of the flower shortly before anthesis. Sepals (K) and 
petals (P) have been removed to expose a stamen fascicle. The fascicle is bifid, the central split (arrow) 
corresponding in position to the notch on the PSB in younger buds (x 40). (from DAO 233). 



Fig. 6. Lophostemon lactiflmis. a, mature half flower (x 18.1); b, stamen fascicle drawn from the 
back. This fascicle is not bifid (x 21). (from UNSW 4016). 
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Welchiodendron longivalve (F. Miiell.) Peter G. Wilson & J.T. Waterhouse 

Stamen bundles in mature flowers of W. longivalve are antepetalous and bifid 
(Fic. 8a,b). The first two sepals are initiated asynchronously on the floral apex m a 
decussate position relative to the axis and floral bract (Fig. 9a, b). The last few sepals 
and the petals are initiated in a spiral sequence, thus petals appear alternate to the 
sepal primordia on the inside of the floral tube (Fig. 9c). The spiral initiation of petal 



Fig. 7. Floral development of Lophostcmon Inctifluus. a, part of a young flower bud showing 
two sepal (K) and two petal (P) primordia. The perianth parts are initiated asynchronously 
(x 300); b, stamen primordia forming on a bulge on the inner face of the invaginated floral 
tube. The stamen primordia are formed in a more or less symmetrical arrangement around 
the midline of the bundle but there is no clear groove or notch in the centre as there is in other 
Lophostemon spp. (x 300); c, part of a flower bud with sepals and petals removed showing two 
groups of stamen primordia. There is more than one row of stamen primordia in each group. 
The primordia in the centre of the upper row of each group are the longest indicating that 
they were the first ones initiated (x 190); d, part of a flower bud with petals and sepals 
removed. Stamen primordia arc fused at the bases (x 110); e, flower bud with petals and 
sepals removed. Both fused and free parts of the filaments have elongated (x 45), f, mature 
flower showing three of the five antepetalous stamen fascicles (x 17). (from UNSW 4016). 
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primordia is clearly evidenced by the different sizes of adjacent primordia early in 
development; (Fig. 9c, d). A pre-staminal bulge (PSB) develops in front of each petal 
primordium. Stamen primordia are initiated on the upper edge of each PSB, which 
develops a distinct notch in its upper edge (Fig. 9e). Stamen primordia develop first 
in the central region of the PSB and then at the edges (Fig. 9f). Stamen bundles 
develop with more or less bilateral symmetry, and there is a clear cleavage between 
each side of each bundle (Fig. 9g). The mature bud contains five bifid antepetalous 
stamen bundles (Fig. 9h). 

Tristaniopsis laurina (Sm.) Peter G. Wilson & J.T. Waterhouse 

Mature flowers of T. laurina have five antepetalous stamen bundles (Fig. 10). Stamens 
are initiated relatively early compared with Lophostemon. Stamens form on pre- 
staminal bulges (PSBs) (Fig. 11a), which form on the flank of the concave floral apex. 
The first stamen primordia are initiated on the upper edge of each PSB (Fig. 11b) and 
subsequently further down as the flower enlarges (Fig. 11c). Expansion of the 
hypanthial rim occurs in the antesepalous regions and stamens are not inserted 
between the initial groups (Fig. lid). Thus the stamens remain in antepetalous bundles 
in the mature flower (Fig. lie). The abaxial side of the PSB does not elongate to the 



Fig. 8. Welchiodendron longivalve. a, mature half flower (x 4); b, stamen fascicle drawn from the 
back (x 6.4). (a from DAO 239; b from Hyland 11042). 
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Fig. 9. (left) Roral development in Wekhiodendwn longivalve. a, young flower bud showing the first 
sepal primordia (K). (BR - floral bract) (x 285); b, flower bud after the initiation of two sepals which 
are initiated in a decussate position relative to the bract and main branch. (BR - floral bract) (x 180); 
c, the first two petal primordia (P) initiated on the inner wall of the invaginated floral apex; note 
the similarity in size suggests a short intervening plastochron. The first evidence of the gynoecial 
depression is apparent (x 240); d, floral stage slightly later than c. The first petal primordium 
(P, right) is already quite large by the time the fourth petal primordium (P, left) is initiated. At this 
stage, there is no PSB opposite either petal (x 220); e, part of a flower bud showing one petal 
primordium (P) and stamen primordia (S). The stamen primordia are developing on the notched 
upper edge of a PSB. Note the formation of colleters (C) at the base of the petals but outside the 
zone of stamen initiation (x 140); f, one group of stamen primordia developing opposite a petal 
(which has been removed). The first stamens formed along the top and in the centre of each group 
(x 170); g, part of a mature flower bud showing one stamen bundle. There is a median separation 
of the filaments into two groups (x 50); h, flower bud just prior to anthesis with the sepals and 
petals removed. Each stamen fascicle is clearly cleft. C - colleter (x 28). (from DAO 239). 



Fig. 10. Mature half flower of Tristaniopsis laurina (x 13.2). (from AND 562). 
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same degree as in Lophostemoii, rather the stamen filaments are fused for only a short 
distance. This results in the filaments being clustered in groups on the hypanthium 
rather than arising from the inner face of a large fascicle. 

Xanthostemon oppositifolius F.M. Bailey 

Mature flowers of X. oppositifolius have numerous stamens in a ring around the 
hypanthium (Fig. 12). The stamens are not fused and there are generally two rows in 
front of the petals and a single row in front of the sepals. Tlie petal primordia form 
alternately to the sepal primordia on the inside of the floral tube. There is no pre- 
staminal bulge prior to stamen initiation. As the petal primordia enlarge (Fig. 13a-d), 
two stamen primordia are initiated on the floral tube in front of each petal. Subsequent 



Fig. 11. Floral development of Tristaniopsis laurim. a, part of a young flower bud showing two 
adjacent petal primordia (P). There is a pre-stnminal bulge (PSB) in front of each petal primordium 
(x 305); b, two adjacent petal primordia. The difference in size of the petal primordia reflects their 
asynclironous initiation. Stamen primordia (S) arise from the I^SB in front of the petals (x 215); 
c, petal and stamen primordia at a later stage of development. The difference in size between 
adjacent primordia is still apparent. More stamen primordia are inserted beneath and around the 
original ones (x 170); d, flower bud with sepals and petals removed. Bundles of antepetalous 
stamens are distributed around the hypanthium (x 20.5); e, part of a mature flower showing two 
groups of stamens. Filaments are not fused but remain grouped in front of the petals. The 
hypanthium is slightly raised where the filaments are attached (x 16). (from AND 561). 
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stamens are formed around and directly in front of those first formed (Fig. 13e-h), 
resulting in vertical rows of stamen primordia. The outer rows of stamens appear more 
or less evenly spaced in immature buds (Fig. 13i). Swelling of the petal bases gives the 
appearance of stamen clustering around the petals in the outer stamen row of more 
mature buds (Fig. 13j). Expansion of the hypanthium as the flower enlarges results in 
the spreading-out of the stamens to form a ring in the mature flower. Because there is 
relatively less hypanthial expansion in the antepetalous regions, stamens are less severely 
displaced from their position of insertion, thus they appear several rows deep. 

Xanthostemon verticillatus (C. White & Francis) L.S. Stnith 

Petals are initiated on the inside of the floral tube (Fig. 14a). Stamen primordia are 
initiated directly on the flank of the invaginated floral tube in front of the petals 
(Fig. 14b). The hypanthium expands and the outer row of stamen primordia form a 
ring around the hypanthium (Fig. 14c). Subsequent stamens are formed in vertical 
rows in front of the first-formed ones (Fig. 14d-g). The outer row of stamens appear 
to be clustered around the petals due to increase in size of the petal bases (Fig. 14h) 
and small clusters of colleters in the antesepalous positions (Fig. 14i). The stamens 
form an outer discontinuous ring (Fig. 14i) in which there are no stamens in the 
positions immediately opposite the sepals. 

Lysicarpus angustifolius (J.D. Hook.) Dnice 

Mature flowers have a ring of stamens around the rim of the hypanthium, and 
clusters of stamens opposite the petals (Fig. 15). The first stamen primordia are 
initiated on the inner wall of the floral tube as it develops subsequent to petal 
initiation (Fig. 16a). There is no pre-staminal bulge; stamens are initiated directly on 
the hypanthium in an irregular order as new space becomes available. Up to 60 



Fig. 12. Xanthostemon oppositifolius. Mature half flower (x 8.1). (from DAO 221). 
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stamens are initiated in several tiers (Fig. 16b). Expansion of the hypanthium as the 
flower enlarges causes many of the stamens to be spread out on the mature flower 
(Fig. 16c), but failure of the hypanthium to expand in the region directly in front of 
the petals leaves some stamens clustered in those areas (Fig. 16d). There is no fusion 
of filaments within the antesepalous stamen clusters. 

Metrosideros collina (].R. & G. Forst.) Gray var. villosa (L /.) A. Gray 

Mature flowers of M. collina var. villosa have a single row of free stamens around the 
edge of the hypanthium (Fig. 17). Small swellings that may represent pre-staminal 
bulges develop on the hypanthium following initiation of the petal primordia 
(Fig. 18a). Stamens are initiated in a single row on each swelling (Fig. 18b). As the 
bud matures (Fig. 18c, d, e), the filament bases enlarge to fill the circumference of the 
hypanthium. No new stamens are initiated and the small pre-staminal bulges do not 
enlarge. At anthesis, the stamens form a complete ring (Fig. 18f). Occasionally there 
is a gap in an antesepalous region but gaps were not observed in antepetalous 
regions. Occasionally two filaments are fused together (Fig. 18D. 

Tristania neriifolia (Sims) R. Br. 

Mature flowers of Tristania neriifolia have five sepals, five petals and five antepetalous 
groups of stamens arranged in a ring around the hypanthium (Fig. 19). Filaments in 
each stamen group are fused for about half of their length and each group of stamens 
is shortly united at the base. During bud development, a stamen is first initiated 
opposite each petal primordium on the flank of the invaginated floral apex. Two 
further stamens are initiated on either side of the first resulting in a group of three 
stamens opposite each petal (Fig. 20a). Occasionally, one or two extra stamens are 
inserted between the regular antepetalous groups (Fig. 20a). A small degree of 
hypanthial expansion in the antesepalous region accounts for the separation of 
stamens into antepetalous groups (Fig. 20b). 

Thaleropia queenslandica (L.S. Smith) Peter G. Wilson 

The leaves of T. queenslandica are opposite and this pattern is continued in the sepal 
primordia. Two pairs of opposite sepal primordia are present in young buds followed 
by a fifth sepal primordium inserted adjacent to one of the second pair of sepal 
primordia. Five, or occasionally up to seven, petal primordia form more or less alternate 
to the sepals. Tlrey are initiated asynchronously, resulting in petal primordia of differing 
developmental sizes during flower ontogeny. Stamen primordia are inserted around 
the inside of the hypanthium, initially with one stamen more or less in front of each 
petal primordium and several more stamens are initiated in between those first formed 
(Fig. 21a-c). There is variability in perianth and stamen numbers in individual flowers. 
Only the oldest stamens are antepetalous, the younger one or several being lower in 
the concave floral tube and not clearly antepetalous (Fig. 21 d). 


Fig. 13. (left) Floral development of Xanthoslemon oppositifolius. a, petal primordium (P). There are two 
swellings beneath the petal primordium which are stamen primordia (S) (x 240); b, two petal primordia 
(P). Tliere are three stamen primordia visible and one cut away (S) and there is a depression between 
each antepetalous group of stamens (x 300); c, petal primordium and two stamen primordia (x 250); 
d, part of a flower bud showing three stamen (S) primordia in a single row. P - petal (x 150); e, two 
petal primordia and two rows of stamen primordia (x 200); f, stamen primordia. A petal primordium 
has been removed. Stamens are initiated in vertical rows beneath the original antepetalous stamens 
(x 190); g,h, half flower bud showing the vertical rows of stamen primordia (g x 120; h x 100); 
i, flower bud with petals (P) removed. Pairs of stamen primordia are situated on either side of each 
petal scar. Note colleters (C) at the base of the petals (x 90); j, mature flower bud with petals removed. 
Tlie petal bases are swollen and the distance between petals is increased (x 30). (from DAO 221). 
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Fig. 14. (left) Floral development of Xanthostemon verlicillatm. a, young half flower bud with 
three petal primordia (P). Sepals have been removed. The floral apex is beginning to invaginate. 
No stamen primordia are visible at this stage (x 160); b, two petal primordia. Stamen primordia 
are just visible as small swellings in front of each petal primordium (arrows) (x 130); c, half 
flower bud. Stamens are initiated in a ring around the rim of the developing hypanthium (x 95); 
d, flower bud with several rows of stamen primordia (x 130); e, half flower bud. Stamen 
primordia in the second or lower rows are not preferentially initiated opposite petals however 
they are arranged in more or less vertical columns (x 125); f, part of a flower bud showing two 
petals and developing stamens. The stamens are initiated in vertical columns and are tightly 
packed (x 100); g, part of a flower bud showing the initiation of new stamen primordia in 
available spaces between older ones (x 110); h, flower bud with sepals (K) and petals (P) 
removed. Stamens in the first row appear to be clustered around the petals due to swelling of 
the petal base (x 95); i, mature flower bud with sepals (K) and petals (P) removed. Stamens are 
beginning to elongate. The region of hypanthium opposite each sepal has small hairs. The 
hypanthium is expanding in the antesepalous regions and there are clusters of colleters (C) in 
this position (x 15). (from DAO 36). 



Fig. 15. Lysicarpus angiistifolius. Mature half flower (x 14). (from PGW 569). 
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Discussion 

The basic pattern of flower development is essentially the same for all taxa studied 
here, and is similar to that described for other genera of Myrtaceae (Payer 1857, Leins 
1965, Mayr 1969, Bunniger 1972, Drinnan & Ladiges 1988, 1989a,b,c, 1991a,b, Ronse 
Decraene & Smets 1991). The flower apical meristem is convex only until the first 
couple of sepal primordia are initiated, after which it becomes prominently invagina ted, 
and the subsequent perianth primordia form on the steeply inclined wall of the 
developing floral tube. The first two sepals are positioned in a more or less opposite 
pair in the median plane (decussate to the floral prophylls), but spiral phyllotaxy is 
quickly attained and continued into the corolla. The order of initiation of the floral 
organs does not follow a strict centripetal order in any of the flowers examined; sepals 
and petals are formed in order, but the first signs of the gynoecium are apparent 
before the inception of stamen primordia. Stamen primordia are inserted in the 



Fig. 16. Floral development in Lysicarpus aiigustifolius. a, young half flower bud showing petal (P) 
and stamen primordia. The first stamens are initiated between the petals. Later primordia are 
initiated lower down on the hypanthium and are antepetalous (x 200); b, part of a more mature 
flower bud showing the long stamen filaments of the outer whorl (x 90); c, mature flower bud 
with sepals and petals removed showing the outer whorl of stamen filaments covered in hairs 
(x 23); d, flower bud of a similar age to that in (c) with the outer whorl of stamens removed. The 
inner stamens are grouped into antepetalous bundles (x 23). (from PGW 569). 
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expanding hypanthial region between the developing corolla and gynoecium. Much 
has been written on the nature of the hypanthium and the problems of terminology in 
flowers with deeply concave floral apices, and we do not intend to enter that controversy 
in any substantial way. We consider the inclined walls of the sunken floral apex 
equivalent to the flank of the apical dome of a normal, convex, floral meristem, and 
the resultant hypanthium to be either basically axial or de novo, but not in any way 
equivalent to, or modified from, the bases of the floral organs. 

The spiral phyllotaxy of the corolla is an important determinant of flower form. 
Because petal primordia are sequentially initiated, they are all at different stages of 
development at any one time. The positions of the petal primordia influence the 
sites available for stamen initiation, so the degree to which petal initiation and 
development is asynchronous determines variation similarly in the androecium. 



Fig. 17. Metrosideros collina van villosa. Mature half flower (x 7.9). (from DAO 44). 
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Fig. 18. Floral development of Metrosideros collim var. viUosa. a, part of a young flower bud. 
Sepal and petal primordia have been removed and two petal scars are visible (P). There is a 
small PSB in front of each petal scar and individual stamen primordia are not present (x 200); 
b, part of a flower bud at a stage where individual stamen primordia are visible. Sepal and 
petal primordia have been removed. Tlie stamens are initiated in a single row on antepetalous 
PSBs and occur in groups centripetal to each petal. There is a gap between each group of 
stamen primordia (x 170); c, the space between each group of filaments closes as the filaments 
become larger (P - petal scars) (x 105); d, developing stamens form a continuous ring around 
the developing hypanthium but appear grouped in front of the petals due to small differences 
in position of insertion (x 100); e, entire flower bud with sepals and petals removed. Petal 
scars are indicated (P). The initial grouping of stamens in front of each petal is still discernible 
(x 50); f, part of a mature flower with a more or less continuous ring of free filaments around 
the rim of the hypanthium. There is a gap between two filaments in a position opposite a 
sepal but not between filaments opposite petals. Occasionally two filaments are fused (arrow) 
(X 13.5). (from DAO 44). 
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Fig. 19. Tristania neriifolia. Mature half flower (x 13.2). (from DAO 169). 
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For example, the first and fourth petal are adjacent to each other in the flower, but 
the difference between their sizes remains evident for some time. The same is true 
for the second and fifth petal. Petals four and five, which are often in close proximity 
in their early development, are never very different in size. This is most easily seen 
in Lophostemou conferttis (see Fig. 2), and it is evident to some extent in all taxa. 

Three categories of stamen arrangement are present in mature flowers. Lophostemou, 
Welchiodaidrou and Tristaniopsis have stamens united into distinct, antepetalous fascicles; 
Xauthostemou and Lysicarpus have clusters of stamens in front of tire petals, but also 
have stamens distributed around the hypanthial rim in the antesepalous regions, 
Melrosideros collina has evenly distributed stamens that do not express any obvious 
clustering. The small amount of material available for Tlwlewpici queeuslniidica and 
Tristania neriifolia preclude confident assignment to any of these groups. The difference 
between these three conditions can be accounted for by different spatial and ternporal 
factors in the ontogeny of the flower, both during and subsequent to organ initiation. 

The genera that have their stamens united into a distinct fascicle are characterised 
by the formation of a pre-staminal bulge on which individual stamen primordia are 
initiated. This is best demonstrated by Lophostemou confertus. In this species stamen 
initiation is a relatively late event in early floral ontogeny, by which stage the petals 



Fig. 20. Tristania neriifolia. a, flower bud with sepals and petals (P) removed. Stamen primordia 
are arranged in five groups of approximately three stamens. The central stamen primordium 
in each group is opposite a petal and there is a gap between each group of stamens. The 
development of the central stamen primordium in each group is more advanced than that of 
the outer two. Note the occasional presence of stamen primordia (arrows) in the antesepalous 
position (x 50); b, mature flower with two sepals and petals removed. Stamens are fused into 
five groups of three stamens for approximately half of the length of the filaments. The central 
stamen in each group is longer than the other two (x 17). (from DAO 169). 
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have reached a considerable size and gynoecium formation is well underway. The 
pre-staminal bulge that has developed in front of each petal is well formed, and has 
two recognisable halves separated by a vertical groove. It was not possible to 
determine unequivocally the exact relationship between the petal primordium in the 
strict sense and the pre-staminal bulge, but we interpret them here as independent 
structures. Because of the invaginated nature of the floral apex the pre-staminal 
bulge gives the appearance of having formed on the base of the developing petal 
primordium. However, this region of the cone is actually the flank of the floral apex 
immediately acropetal to the petal primordia, and it is more likely that the pre- 
staminal bulge forms on the floral apex proper. Species of Eucalyptus informal 
subgenus Eudesmia also have stamens that form on an antepetalous buttress. However, 
these buttresses were interpreted as modified corolline components that are 
homologous to the petals of Angophora and the bloodwood eucalypts (Corymbia) 
(Drinnan & Ladiges 1988, \989a,h). They are not equivalent to pre-staminal bulges in 
Lophostemon, Welcliiodeiidron and Tristaniopsis. 



Fig. 21. Floral development of Tlinlcropin cpicenslandica. a, part of a flower hud with two petal 
(P) and four stamen (S) primordia. There is a difference in size between adjacent petals. The 
stamen primordia are initiated directly on the wall of the hypanthium, not on a swollen PSB 
(x 250); b, petal and stamen primordia. The older stamens are initiated opposite the petals. 
The younger stamen is lower down on the hypanthium and is antesepalous (x 250); c, part of 
a flower bud illustrating the tight packing of the stamen primordia. The outermost stamen 
primordia (left and right) are antesepalous and are smaller than the antepetalous stamens in 
the centre (x 285); d, mature flower bud with five sepals (K) and six petals (P) removed. There 
is one free stamen (S) in front of each petal and another stamen (S*) inserted in an irregular 
position (x 90). (from DAO 199). 
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Because of the spiral phyllotaxy of the petals, and hence the sequential availability 
of antepetalous regions for pre-staminal bulge initiation, the petal and pre-staminal 
bulge sizes are not uniform in early flow'er stages; the first formed petal and pre- 
staminal bulge are significantly larger than those formed last. Initiation of stamen 
primordia is not synchronous, nor even strictly sequential, around the flower; a 
number of stamen primordia are initiated on the oldest pre-staminal bulge well 
before there is any evidence of primordia on the youngest. In terms of the initiation 
of individual stamen primordia, each pre-staminal bulge is operating as a separate 
morphogenetic and phyUotactic unit that is independent of other pre-staminal bulges 
in the flower. 

Another characteristic that defines the pre-staminal bulge as a discrete morphological 
entity that is more than just the collection of its stamens is the fate of the fascicle as 
the flower enlarges. The increase in the circumference of the hypanthium is largely 
the result of expansion in the antesepalous regions; the sepals maintain increase in 



Fig. 22. Diagram illustrating the relationships between PSB formation, stamen initiation and 
hypanthial expansion in flowers with fascicles formed from a pre-staminal bulge, a, petal 
primordia; b, a pre-staminal bulge (PSB) forms on the floral tube directly centripetal to each 
petal; c, the PSB has increased in size and stamen primordia are initiated; d, as more stamen 
primordia are initiated, the PSB increases in size; e, hypanthial expansion in the antesepalous 
region results in the separation of each bundle of stamens. Subsequent extension of the fused 
and free parts of the filaments result in the formation of distinct stamen fascicles. 
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Fig. 23. Diagram illustrating the pattern of stamen initiation and hypanthial expansion in 
XanthostemonjU/sicarpus-type flowers, a, stamens are initiated directly on to the floral tube 
centripetal to the petals; b, expansion and elongation of the floral tube allows more space for 
the initiation of more stamen primordia; c, numerous stamens may be formed provided there 
is sufficient space on the floral tube; d, expansion of the hypanthium prior to anthesis occurs 
chiefly in the antesepalous region; e, hypanthial expansion results in the antesepalous stamens 
being spread out into a single row of more or less evenly spaced filaments whereas the lack 
of expansion in the antepetalous regions results in there being more than one row. 
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width corresponding to the hypanthium, but the petals maintain a narrow zone of 
insertion on the hypanthial rim. The fascicle of stamens resulting from each pre- 
staminal bulge remains in its antepetalous position, also with a narrow area of 
insertion; as a consequence the individual fascicles are distantly separated in the 
mature flower (Fig. 22). The fact that individual stamens remain so tightly clustered, 
and do not disperse at all with hypanthial expansion, indicates that the stamens are 
subordinate to the pre-staminal bulge, not to the receptacle of the flower. A similar 
pattern occurs in ]Nelchiodcndron (Fig. 9). 

In Tristaniopsis lauriiia (Fig. 11) the pre-staminal bulges are only just apparent prior 
to stamen primordia initiation; in fact the whole flower is less developed than at the 
same stage in L. confertus and the petals are also correspondingly smaller. This lesser 
independent development of the pre-staminal bulge correlates with almost no 'fusion' 
of stamen filaments in the fascicle, but the fascicles still manifest as discrete units 
that maintain their restricted area of insertion in the antepetalous regions, each 
fascicle widely separated from the others in the fully expanded flower. 

No pre-staminal bulge develops prior to inception of individual stamen primordia in 
Xanthostemon and Lysicarpiis (Figs 12-16). Instead, two to several stamen primordia 
form directly on the flank of the apex in positions more or less in front of each petal. 
The concavity of the apex and the separation of adjacent petals combine to give the 
impression that the stamen primordia, like the pre-staminal bulge in Lophostemon, form 
directly on the petal primordia, but there is nothing in the subsequent development of 
either stamens or petals to suggest they are in any way morphogenetically linked. 
Subsequent primordia fill in the rest of the concave apex laterally and radially but the 
grouped appearance remains clearly visible. In X. oppositifolius, they appear superficially 
to be in triangular, antepetalous groups up to four stamens wide and four tiers deep, 
but this is an illusion caused largely by the shape of the apex. The cone shape of the 
inverted apex allows more primordia around the circumference at the top (nearest the 
petals) than at the bottom (nearest the centre) and this, together with the location of the 
oldest stamens of each tier in the centres of the antepetalous areas, accentuates the 
clustering of stamens (Fig. 23a-c). In fact, the stamens form evenly over the ring-shaped 
flank of the invaginated apex, which acts a single, continuous, phyllotactic zone. 

Enlargement of the flower subsequent to organ inception, like Lophostemon, occurs 
largely by expansion in the antesepalous regions; sepal bases expand correspondingly, 
but the petals remain attached narrowly. The few stamens in the static zone 
immediately in front of each petal maintain their position relative to the petal and to 
each other, resulting in an apparent 'group' two to several stamens deep. The rest 
are displaced from their multi-tiered positions by expansion of the flower, and more 
or less evenly spaced out in a single row around the entire rim of the hypanthium 
(Fig. 23d,e). This secondary relocation of the stamens is a stark contrast to the 
determinate fascicles of Lophostemon, Welchiodendron and Tristaniopsis, and indicates 
that the stamens of Xanthostemon and Lysicarpiis are subordinate to the hypanthium 
or floral axis, and that there is no intervening morphological structure. 

Metrosideros collina and Tristania neriifolia (Figs 17-20) have far fewer stamen primordia 
and not nearly as great an expansion of the hypanthium; these features combine to 
make their interpretation ec^uivocal. Metrosideros collina shows a hint of pre-staminal 
bulges, but only one row of stamens forms around the flower. These stamens are 
spread evenly around the hypanthium at anthesis, but flower expansion is not 
sufficient to widely space the filaments to allow consideration of the similarity 
between antepetalous and antesepalous regions. Occasionally there is a small gap 
opposite a sepal, and sometimes two adjacent stamen primordia become continuous 
and grow as a single, thick filament, but there is no consistent pattern of clustering, 
and there is no obvious filament base fusion typical of fascicled taxa. 
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The three united stamens opposite each petal in Tristania neriifoUa probably reflect 
the lack of space available at the time of primordia initiation, followed by enough 
expansion in the antesepalous regions to keep every third pair of stamen primordia 
separate, but the lack of availability of early ontogenetic stages precludes a definite 
conclusion. Thaleropia queenslandica (Fig. 21) has even fewer stamens, and these are 
clearly inserted directly on the flank of the invaginated apex and are evenly and 
widely separated by subsequent expansion of the flower. 

Although the diversity in form of mature flowers can be adequately described in 
terms of discrete morphological units such as stamen fascicles, this is not always the 
most appropriate approach for the best understanding of the mechanism of 
evolutionary change or the circumscription of systematic characters. Flowers, like all 
morphological structures, are the result of complex ontogenetic processes that have 
spatial and temporal components. Differences in mature flower structure usually 
result from differences in ontogeny, and so factors affecting the spatial and temporal 
relationships of floral organ initiation and development best describe the key events 
that lead to this diversity. 

The genera of Myrtaceae examined here are good examples of this. Lophostemon 
confertus has a well developed pre-staminal bulge that is quite large, allowing the 
insertion of in excess of one hundred stamen primordia. However, constriction of 
the base of the FSB in a static, non-expanding area of the flower does not allow for 
maintenance of integrity of one hundred expanding stamen primordia, which merge 
and result in a fascicle of united filaments. The comparatively earlier inception of 
stamens in Tristaiiiapsis laurina leads to fewer stamens developing on a smaller pre- 
staminal bulge. The pre-staminal bulge (and antepetalous area) is still enlarging in 
that critical period when stamen primordia are expanding, so the filaments remain 
separate and there is little or no common filament tissue in the fascicle. Lophostemon 
Inctifluus is intermediate. The development of the pre-staminal bulge is sufficient to 
result in a fused fascicle of filaments, but stamen initiation is sufficiently early to 
prevent a vertical groove in the pre-staminal bulge. Consequently, each fascicle has 
fewer stamens than L. confertus, and is not cleft. In Xanthostemon and Lyskarpus 
stamens appear very soon after petals and there is no independent development of 
a pre-staminal bulge, and no fascicle. If there is insufficient expansion of the flower, 
especially in early stages, there is no room for more than a few stamens to form, e.g., 
Tristania neriifoUa. Although the morphological differences in mature flowers manifest 
as variation in number and arrangement of parts, their cause is differences in timing 
and duration of organ initiation on floral apices growing at different rates. 

Because changes in spatial/temporal factors are potentially variable and reversible, 
evolutionary change from one condition to the other in either direction is possible. 
If a species has potential to produce a pre-staminal bulge, but this is inhibited by 
early stamen initiation directly on the apex, then there will be no fascicles. However, 
a delay in stamen initiation would allow the pre-staminal bulge and fascicles to 
form (Figs 22, 23). It is a good illustration of how features that are 'potential' by 
virtue of one aspect of the genotype (i.e., pre-staminal bulge) can be modified by 
results of another aspect (i.e., timing of stamen initiation). The potential to produce 
the pre-staminal bulge may not have been lost; it is just precluded by a change in the 
timing of the ontogenetic processes. A reversion in the timing would allow the pre- 
staminal bulge, and hence fascicles, to manifest again. 

The rigid framework of the classical concept of angiosperm flowers as consisting of 
four successive whorls of organs, i.e., sepals, petals, stamens and carpels, does not 
provide a category of organ to which an entire fascicle of stamens can be homologised. 
Consequently, stamen fascicles have usually been interpreted as a modification, both 
ontogenetic and phylogenetic, of a single stamen (see Leins 1964, 1975). While this 
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may be an adequate interpretation for stamen fascicles in some flowers, possibly even 
for other myrtalean genera such as Lagerstroemia (Lythraceae; Ronse Decraene & Smets 
1991), it does not appear to be particularly appropriate for the genera of Myrtaceae 
discussed here. The independent development of the pre-staminal bulge prior to stamen 
initiation, the dissimilarity of its size and shape to typical stamen primordia, the 
phyllotactic independence of stamens on one pre-staminal bulge from stamens on 
other pre-staminal bulges, and the maintenance of the resulting fascicle as a discrete 
unit in the mature flower, predicates the pre-staminal bulge and resulting fascicle as a 
morphogenetic structure distinct from the other floral organs. A flexible framework of 
floral construction is needed to allow the recognition, where appropriate, of 
morphological units in addition to the four classical organ categories; in this case, 
fascicles resulting from PSBs are a novel feature for these myrtaceous flowers. 

According to our interpretation the pre-staminal bulge is not a primary stamen 
primordium, so it is inappropriate to describe the morphology of these myrtaceous 
androecia in terms of conventional haplostemony/diplostemony. Haplostemony and 
diplostemony are simply the results of certain spatial and temporal factors that 
determine the positions of petals and stamens in a regular, consistent, acropetal 
phyllotaxy, directly on a usually convex floral meristem. They are not architectural 
groundplans to which patterns of all flowers must conform, nor immutable types of 
which all flowers must be avatars. If the spatial and temporal relations change, then 
so will the morphology and phyllotaxy of the flower, and there is no need to invoke 
a direct correspondence between every organ and positional relationship in such 
different flowers. Although the plesiomorphic condition for Myrtaceae may well be 
diplostemonous (Schmid 1980, Ronse Decraene & Smets 1991), with subsequent 
changes to apparent obdiplostemonous, haplostemonous and obhaplostemonous 
conditions in some taxa (Johnson & Briggs 1984), it is not really appropriate to 
describe flowers such as Lophostemon, Tristaniopsis, Xaufliostcinon and Lysicarpus as 
modifications of these conditions. These flowers, with their deeply concave apical 
meristems and non-acropetal order of floral parts, have different spatial and temporal 
parameters to (ob)haplostemonous and (ob)diplostemonous flowers, and they 
manifest with a different form and phyllotaxy. The antepetalous fascicles of stamens 
exhibited by Lophostemon, Welchiodendron and Tristaniopsis represent a special type of 
polyandry; it is not complex obhaplostemony sensu Ronse Decraene & Smets, because 
each fascicle does not result from the proliferation of a single stamen primordium. 
Similarly, in Xanthostemon and Lysicarpus polyandry results from the prolonged 
inception on the floral apex of numerous individual stamen primordia, not the 
proliferation of a few antepetalous or antesepalous precursors. In fact the term 
proliferation, which is used by Ronse Decraene & Smets (1991) and Johnson & 
Briggs (1984) to explain both of these polyandrous conditions, is best avoided in 
these instances. In both Lophostemon and Xanthostemon, polyandry is beyond the 
concepts of haplostemony and diplostemony in both their ontogenetic and 
phylogenetic senses. 
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Inflorescence morphology of some Australian 
Lasiopetaleae (Sterculiaceae) 

C. Bayer and K. Kubitzki 


Abstract 

Bayer, C. and Kubitzki, K. (Institut fiir AUgemeine Botanik und Herbarium der Universitat Hamburg, 
Ohnhorststr. 18, 22609 Hamburg, Germany) 1996. Inflorescence morphology of some Australian 
Lasiopetaleae (Sterculiaceae). Telopea 6(4): 721-728. The inflorescence morphology of 17 species 
out of five genera of the tribe Lasiopetaleae (Sterculiaceae) is investigated. The flowering 
shoots are sympodia composed of modules bearing several foliage leaves and a terminal 
inflorescence. In the inflorescences, metatopic displacements can be noted. The basic type, as 
represented by Keraudrenia, is identified as a cymoid with two lateral dichasia. In Thomasia, 
Hannafordia, Guichenotia and Lysiosepalwn, the inflorescences are cincinnoid. The three-bracteate 
epicalyx, which is found beneath each flower in these monochasial inflorescences, is 
homologous with a sterile bract and the two subtending bracts of the lateral cymes in 
Keraudrenia. The relatively primitive inflorescence structure of Keraudrenia links the 
predominently Australian tribe Lasiopetaleae with the pantropical tribe Byttnerieae. 


Introduction 

The Australian representatives of the tribe Lasiopetaleae (Sterculiaceae) exhibit 
different inflorescence types. In the taxonomic literature there are no indications 
how these forms are connected with each other and with the inflorescences of other 
members of the Sterculiaceae and Malvales. Due to the lack of precise characterisations 
it is not possible to use inflorescence characters for taxonomic comparisons, 
even less to polarize them. 

Only few taxonomists have attempted to take full advantage of characters provided by 
inflorescence morphology. This may be due to several reasons: the analysis of 
inflorescence structure is often complicated; a part of the relevant literature is written 
in languages other than English, and the different approaches and terminologies in use 
make the observations reported in the literature difficult to compare. Nevertheless, not 
only in comparative morphological studies, but also in taxonomic descriptions, a clear 
and precise terminology for the analysis of inflorescence characters should be used, as 
the one elaborated by Troll (1964, see also Weberling 1989) or Briggs & Johnson (1979). 

Indications in the morphological literature with respect to position and structure of 
the inflorescences of the Lasiopetaleae are confusing and contradictory. According 
to Gay (1821), the inflorescences are cymose, corymbose, racemose and sometimes 
leaf-opposed. Guichenotia tedifolia Gay is described as having an 'inflorescentia 
intrafoliacea'. According to Payer (1857), the basic inflorescence type of Lasiopetaliim 
is found in the 'dichasia' of L. 'corylifolium', in which each flower is thought of as 
being provided with two fertile bracts. Baillon (1870) denies the occurrence of leaf- 
opposed inflorescences in the Lasiopetaleae. Since the position of the inflorescence is 
said to be not exactly leaf-opposed, he assumes that the unusual arrangement can be 
explained by displacements, following his interpretation of the inflorescences of 
Byttneria (Sterculiaceae-Byttnerieae). According to Eichler (1878), the flowers are 
arranged in cymes or in aggregates composed of cymes, and Schumann (1895) 
describes them as terminal or leaf-opposed in some genera. 
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In the systematic literature, various of these views have been adopted. In Thomcisia, 
for example, the position of the inflorescence is described as axillary or subterminal 
(Hutchinson 1967, Patrick 1993), or as terminal or leaf-opposed (Bentham & Mueller 
1863, Paust 1974, Jessop 1986). The inflorescence is called a raceme (Bentham & 
Mueller 1863, Hutchinson 1967, Paust 1974, Jessop 1986, Patrick 1993), which contrasts 
with Wydler's (1878) and Eichler's (1878) interpretation as a cincinnus. 

A detailed recent morphological analysis of the inflorescences of Lasiapetalum species 
by Classen (1988) reveals the sympodial character of the shoots and the structure of 
individual modules. She also discusses the problematic appendages forming an 
epicalyx ('bracts' or 'bracteoles subtending the flower' of other authors) and applies 
Troll's (1964) typological concepts to the synflorescences of Lasiopetalum. 

In view of the inconsistencies found in the literature a re-examination of the 
inflorescences of Australian Lasiopetaleae seemed appropriate. Since Lasiopetalum had 
been analysed by Classen (1988), our work focussed on the other genera of the tribe. 


Material 

The material studied was very kindly provided by Dr. R. Classen-Bockhoff (Aachen, 
Germany), Prof. F. Weberling (Ulm, Germany), and the Directors of the Museum 
National d'Histoire Naturelle (P), Royal Botanic Gardens Kew (K), and Botanical 
Museum Berlin-Dahlem (B) to whom we extend our sincerest thanks. It includes 
fluid fixed and herbarium specimens of the following species: 

Guichemtia ledifolia Gay, G. macraiitha Turcz., G. micrantlia (Steetz) Benth., G. sarotes 
Benth.; Hanmfordia bissillii F. Muell.; Keraudrenia coUina Domin, K. hermanniifolia Gay, 
K. wtegrifolia Steudel; Lysiosepalum involucratum (Turcz.) C.A. Gardner; Thomasia 
discolor Steudel, T. foliosa Gay, T. grandiflora Bindley, T. petalocalyx F. Muell., 
T. quercifolia (Andrz.) Gay, T. rhynchocarpa Turcz., T. sarotes Turcz., T. solanacea Gay. 

A list of specimens studied and their collecting localities has been deposited at the 
Royal Botanic Gardens Sydney or can be obtained from the authors. 


Observations 

The flowering shoots of all members of the Lasiopetaleae investigated are sympodia. 
Following HaUe et al. (1978), the repeating units of a sympodium will be named 'module' 
in this article. Each module comprises one or more nodes with foliage leaves and a 
terminal inflorescence. Tlris is overtopped by the axillary product of the most distal 
foliage leaf, leading to a leaf-opposed position of the inflorescence (Fig. 1). As usually 
only one axillary shoot continues the growth of the sympodium, a monochasium results. 

The number of foliage leaves per module is variable even within one individual 
(cf. Keraudrenia hermanniifolia), but some species appear to produce predominantly 
more (e.g. often six in Cuichenotia rnicrantha) or less (e.g. often two in Thomasia) 
leaves per module. Cuichenotia ledifolia has stipules resembling foliage-leaves, giving 
the impression of a whorl consisting of three 'leaves' and an inflorescence. 

In species like Thomasia quercifolia (Fig. 2 A), the terminal inflorescence is well 
differentiated before it is overtopped by the next module, hence the sympodial character 
of the whole shoot is obvious. However, the subsequent bud may sprout precociously 
in some species. Sometimes an accessory bud is found in the axil of the leaf subtending 
the next module (Fig. 2 B: ac). Strictly axillary inflorescences have not been observed 
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Fig. 1. Kcraudrenia hermamiiifolia Gay, A, distal part of a flowering sympodium with leaf-opposed 
inflorescence, bar: 1 mm; B, branching scheme; C, diagram, numbers indicate the order of flowers 
(1: terminal flower); letters indicate bracts (a is sterile, b and c subtend lateral cymes), some third 
order flowers with single prophyll, broken lines indicate ontogenetic displacements of the bracts. 



Fig. 2. Thomasia qiiercifolia (Andrz.) Gay, A, sympodium with leaf-opposed inflorescences, 
St stipule; note that stipules of the distal leaf subtending the bud of the subsequent module (mo) 
are removed, bar: 1 mm; B, diagram of an inflorescence with bud of subsequent module (mo) and 
accessory bud (ac). 
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Fig. 3. A, inflorescence of Thomasia discolor Steud., bar: 1 mm; B, basic branching scheme of the 
modules of Thomasia, Hannafordia, Guichenotia, and Lysioscpalum-, numbers indicate the order of 
flowers, a, b, c: epicalyx of the terminal flower (1), broken lines indicate displacements, star: 
displaced subtending bract of the second flower (2). 



Fig. 4. Units of malvalean inflorescences with three bracts (a, b, c) on the axis terminated by the 
first flower (1); A, complete unit with sterile bract (a) and two lateral cymes arising from the axils 
of b and c; B, three-flowered unit, a is sterile, b and c subtend single flowers; C, Single flower with 
epicalyx of three sterile bracts (a, b, c). 
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ir\ any species, but axillary shoots which start flowering without producing extensive 
vegetative zones may give the impression of axillary inflorescences. 

The inflorescences of the Lasiopetaleae are structurally not homogeneous. In 
Keraudrenia lieniianniifolia (Fig. 1) the inflorescence comprises a terminal flower (1) 
and two lateral, cymose partial inflorescences. In comparison with other Lasiopetaleae 
studied, this represents the most complete ramification pattern. In early 
developmental stages the main inflorescence axis bears three bracts, which during 
the development of the inflorescence change their original positions. One of these 
bracts is shifted upward on the main axis beyond the nodes from which the lateral 
cymes branch off; the axil of this bract remains empty (a). The two other bracts, 
which subtend cymose partial inflorescences, are displaced beyond the prophyllar 
nodes of their axillary products (b, c). These displacements (metatopies) to a more 
distal position on the axis can be specified as recaulescence sensu Troll (1964). 

The inflorescences of all other Lasiopetaleae investigated (Thomasia, Hannafordia, 
Guiclienotia, Lysioscpaltim) are terminal monochasia with more or less pronounced 
metatopies between subtending bracts and their axillary flowers (Fig. 3). Beneath 
each flower an epicalyx of three bract-like appendages is usually found, which 
encloses the flower in bud. In few-flowered inflorescences like those of Thomasia 
discolor (Fig. 3 A), the sympodial character can easily be detected. The first flower to 
open (1) is the only one devoid of a subtending bract. This indicates that it is the 
terminal flower of the whole inflorescence. The subtending bract of the second flower 
(2) can not be traced at the branching point between the stalk of the terminal flower 
and the rest of the inflorescence. It is situated further distally (arrow), so that a 
recaulescent displacement has to be stated again. Accordingly, the subtending bract 
of the next flower (3) is displaced as well. If this type of ramification is repeated 
several times, many-flowered monochasia will result (e.g. Thomasia quercifolia, Fig. 2, 
and T. solanacea, T. rhynchocarpa). Other species (T. discolor, Fig. 3 A, T. sarotes, 
T. petalocalyx, T.foliosa) and representatives of other genera (Hannafordia, Guiclienotia, 
Lysiosepalum: Fig. 3 B) exhibit the same basic type of inflorescence ramification. 


Discussion 

In most Lasiopetaleae investigated, the inflorescence is clearly terminal. The leaf- 
opposed position of the inflorescences is a consequence of the sympodial shoot 
structure. If the stipules resemble foliage leaves, the wrong impression of an 
'inflorescentia intrafoliacea' (Gay 1821) may result. The additional bud in the axil of 
the foliage leaf, which subtends the subsequent module (Fig. 2 B), is interpreted as 
a serial accessory bud. However, it cannot be excluded that it originated from a 
displaced and reduced basal ramification from a prophyllar axil of the subsequent 
module. Axillary inflorescences have not been observed. Therefore indications in the 
taxonomic literature referring to axillary inflorescences are likely to be based on 
misinterpretations of the sympodial shoot structure. Nevertheless, the existence of 
short axillary shoots provided with a terminal inflorescence cannot be excluded. In 
such cases, however, the recognition of an axillary inflorescence would only depend 
on the extension of the proximal vegetative zone of the side branch. 

In contrast to the descriptions in part of the taxonomic literature, not a single member 
of the Lasiopetaleae investigated exhibits racemes. Some inflorescences (e.g. in Thomasia) 
superficially resemble racemes but in fact are cincinni. There are cases in which the 
distinction between monopodia and monochasia is not obvious, but two characteristics 
provide arguments in favour of the latter interpretation: at least during early 
developmental stages, the flowers are oriented towards one side of the inflorescence. 
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and the lack of a subtending bract beneath the first flower to open reveals its terminal 
position. Since the subtending bracts of the remaining flowers are displaced, the 
situation becomes complicated. Nevertheless, such inflorescences must not be called 
racemes, which would be misleading, when comparisons with other taxa are attempted. 

In the inflorescences of Lasiopetaluiii (Classen 1988) and Keraudrenia, both monochasial 
and dichasial ramifications exist, whereas in Thamasia and other Lasiopetaleae, 
monochasia (cincinni) are found. The basic, fully ramified, dichasial form is found in 
Keraudrenia, which often is described as a terminal cyme (see, e.g., Hutchinson 1967, 
Jessop 1986). If structures such as those exemplified by K. hermanniifolia (Fig. 1) are 
meant, this is not correct, because in true cymes alt ramifications arise from prophyllar 
axils. Since the terminal flower of a terminal inflorescence never has prophylls, the 
first order lateral flowers cannot arise from prophyllar axils. In this case, in which 
the partial inflorescences are cymose, the whole structure can be termed a cymoid 
(Troll 1964, Briggs & Johnson 1979). Yet it differs from a 'normal' cymoid in the 
constant occurrence of an additional sterile bract which is incepted below the 
branching off of the lateral dichasia but ontogenetically is displaced distally beyond 
them. Sterile bracts in inflorescences are usually called 'Zwischenbliitter' (Schumann 
1890, Nordhagen 1937) or 'metaxyphylls' (Briggs & Johnson 1979); they are known 
to occur in various determinate inflorescences (see Troll 1964) and are defined as 
phyllomes 'situated between the ultimate pherophyll(s) (or the prophylls) and the 
flower' (Briggs & Johnson 1979; 244). Flowever, the sterile bract in the inflorescence 
of Keraudrenia is different because it is situated between fertile phyllomes. Although 
it is a constant structure in the inflorescences of very many representatives of the 
Malvales (Bayer 1994), in this context and until we know more about its origin we 
refrain from creating a new term for it. 

If we compare the cymoid of Keraudrenia with the monochasial inflorescence widespread 
in the Lasiopetaleae (exemplified in Fig. 3 B), again recaulescent shifts of the bracts are 
noticeable. It would, however, be grossly misleading to equate the fertile bracts on the 
axes bearing the main flowers of the inflorescences in Fig.s 1 B and 3 B. Instead, the 
single 'supernumerary' sterile bract (a in Fig. 1) provides an appropriate fixed point 
for comparison. This allows recognition that the triad of bracts that form the epicalyx 
below flowers 1^ in Fig. 3 B correspond to the bracts a, b, c in Fig. 1. Thus, the 
epicalices of the flowers within monochasial inflorescences of Lasiopetaleae is 
hypothesized as having originated through the reduction of distal ramification 
(Fig. 4). The three appendages forming the epicalyx are individual, sterile bracts. 

Indeed, distal ramifications including a supernumerary, sterile bract are typical of 
the inflorescences of the Sterculiaceae and Tiliaceae (Bayer 1994). In these families 
an increasing reduction of these ramifications is observed, which leads to flowers 
surrounded by a sterile epicalyx (Fig. 4 C). In Sterculiaceae (e.g. Dombeyeae, 
Fremontodendreae) and Tiliaceae, the occurrence of an epicalyx is considered as an 
advanced condition, while in the Malvaceae and Bombacaceae it appears to represent 
the basic character state (Bayer 1994). 

Our interpretation of the epicalyx contrasts with the view of Classen (1988), according 
to which the epicalyx consists of a single leaf organ with its stipules. She preferred the 
latter interpretation in spite of having noted that the foliage leaves of Lasiopetaluiii are 
devoid of stipules and that the lateral appendages do not show the precocious 
development typical of stipules. If occasionally only a single bract is found beneath the 
flower (in some species of Lasiopetahwi, Classen 1988), to our mind this corresponds to 
one of the three bracts of the Keraudrenia inflorescence. Therefore Classen's view (1988) 
that in Lasiopetalum the trimerous epicalyx is derived from a simple bract is rejected. 
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It is well known that the delimitation of inflorescences in woody plants can be a most 
difficult task. This is even more true when the application of Troll's (1964) concept of 
synflorescences is attempted. This is not surprising, because Troll's concept was 
developed upon the study of predominantly herbaceous plants and in temperate regions 
(Briggs & Johnson 1979), and the application of this concept to tropical woody plants 
is often difficult. If their growth is rhythmic, the growth flush may provide comparable 
units (Pilger 1922) and may serve to delimit synflorescences (Weberling 1983). 

In Lasiopetahm, Classen (1988) tried to delimit synflorescences in accordance with the 
concepts of Troll (1964), selecting three different reiterative parts of the flowering 
region as units of reference; 1. the module, which is the smallest recurrent unit; 2. the 
seasonal growth unit (sensu Briggs & Johnson 1979), which includes several modules; 
3. the perennial flowering shoot including its basal vegetative portion and the seasonal 
growtlr units of several years. As a result, the description of the inflorescence necessarily 
depended on the extent of the unit chosen. However, the typological classification of 
the synflorescence remains unaffected since the flowering zone of Lasiopetalum (Classen 
1988) and of other Lasiopetaleae can be characterized as monotelic in either of the 
three cases, even if the delimitation of a synflorescence is ambiguous. 


Systematic implications 

In a search for evidence for the assumption that the Lasiopetaleae are closely related 
to the Byttnerieae (Schumann 1895), a comparison of the inflorescence morphology in 
both tribes seems to be useful. There is a striking agreement in the position and 
structure of the inflorescences of Kcraudrenia with those of Riilingia and Commersonia 
(Byttnerieae), each with displacements not only of the fertile bracts, but also of the 
sterile one. The correspondence is so far-reaching that the scheme of the inflorescence 
of Keraiuirenia (Fig. 1) is virtually identical with one of Riilingia (see Bayer 1994: 34). It 
seems probable that this type of inflorescence, in which two of the three bracts that 
precede the terminal flower are fertile, represents the basic condition in Lasiopetaleae. 
The other type, found in Tliomasia and other genera of the Lasiopetaleae, is supposed 
to be the derived condition. Jenny (1985) postulated relationships between Keraiidreiiia 
and Coimnersonia because of similarities in the structure of the gynoecium; according 
to him, Tliomasia, Giiiclienotia and Lasiopetalum are farther derived because of their 
tendency towards a reduction of carpel and/or ovule number, their tubular stigma, 
and their anther dehiscence by pores or short slits. Another indication in favour of 
regarding the Lasiopetaleae as an advanced tribe of the Sterculiaceae-Byttnerioideae 
is the tendency towards reduction of the petals. This applies also to Riilingia and 
Commersonia, where short staminal tubes and reduced stamen numbers exist (Diels & 
Pritzel 1904/1905). It is interesting to note that these genera include the only Australian 
representatives of the pantropical tribe Byttnerieae. In contrast, the Lasiopetaleae are 
of rather restricted distribution. According to Schumann (1895), they are endemic to 
Australia, with the exception of the monotypic genera Pimia (Fiji) and Seriiigia (New 
Guinea, Australia), and one species of Keraudrenia from Madagascar. All these facts 
would indicate that the Lasiopetaleae are derived from advanced Bythierieae-like 
ancestors, but the analysis of their precise phylogenetic relationship is still an open 
problem. With regard to inflorescence morphology and other characters (anther 
deWscence by longitudinal slits, presence of five carpels with free styles, numerous 
ovules, cf. Jenny 1985), Keraudrenia is one of the genera that have conserved several 
primitive states within the Lasiopetaleae. 
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Branch apices, heterochrony, and 
inflorescence morphology in some mimosoid 
legumes (Leguminosae; Mimosoideae) 

James Grimes 


Abstract 

Grimes, James (Harding Laboratory, Neiu York Botanical Carden, Bronx, NY W458 USA) 1996. Branch 
apices, heterochrony and inflorescence morphology in some mimosoid legumes (Leguminosae: Mimosoideae). 
Telopea 6(4): 729-748. Six species of mimosoid legumes, Paraserianthes lophantha, Zapoteca tctragona, 
Lysiloma microphyllum. Acacia nilotica, Ebcnopsis ebano, and Pithecellobium duke, are subjects of a 
study of morphology of inflorescences, branch-apices, and terminal and axillary buds. Differences 
in patterns of growth in the species can be attributed to shoot-dimorphism, phyllotaxy, and 
heterochronic differences in development of stipules and unit-inflorescences. Species form only 
long-shoots or one of two kinds of short-shoots. One kind of short-shoot is formed in a series 
from an axillary meristem, and is ephemeral if it produces inflorescences. The other is solitary 
and long-persistent. Inflorescences were found to be produced either on the long-shoots or the 
short-shoots, but not on both. All inflorescences can be described as pseudoracemes of 
unit-inflorescences, but differ depending on whether the unit-inflorescences arise from 
long-shoots or short-shoots, and on whether there is heterochronic development of 
unit-inflorescences and subtending leaves. The unit-inflorescences develop from primary buds 
or from secondary buds. Phyllotaxy is either spiral or distichous. Stipules arise either on the 
flanks of the leaf-primordium, or from primordia spatially independent, but concomitant 
with the leaf-primordium. 


Introduction 

An earlier study (Grimes, 1992) of the inflorescence morphology of a group of 
mimosoid legumes informally called the Pithecellobiiim-complex (Leguminosae: 
Mimosoideae: Ingeae) showed that inflorescence morphology is determined not only 
by the relative arrangement of organs, but also by heterochronic changes in their 
development. It was also shown that inflorescence morphology is a reflection of the 
branch morphology, and ultimately of the plant architecture. Most of the differences 
found in inflorescence- and branch-morphology were attributed to branch 
dimorphism and to heterochronic differences in timing of development of the 
leaf-primordia and axillary buds. A subsequent paper (Grimes 1995) presented a 
phylogenetic analysis of tribe Ingeae (including representatives of Acacieae). The 
data set for the analysis included a number of characters, or hypotheses of homology, 
reflecting some of these morphological and heterochronic differences in inflorescences. 
This paper continues the study of inflorescence morphology in Ingeae, with particular 
reference to timing of development of the component organs and the formation and 
development of axillary buds. Specifically, is there a generalized pattern of 
development such that differences in inflorescence and branch morphology might 
be attributed mostly to heterochronic phenomena, or are these differences due in 
part to differences in pathways of development? 

Implicit in my approach is the view that if developmental pathways are shared between 
two species, the developmental pathway is a character (De Queiroz 1985), that 
modifications of these pathways can be seen as states of the character, and that 
'character' and 'character-state' are hierarchy-dependent. That is to say a character at 
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one level might be a character-state at another, and that states of a character can arise 
from modifications of an existing pathway. For example, in a study of the differences 
m tendril morphology in Pisiim, 'tendril' is the character and 'types of tendrils' the 
states. At a higher level, however, tendril can be seen as a state of the character 
derivatives of a leaf-primordium'. One role of developmental studies then is to 
determine what, if any, are the differences in developmental pathways, and when (at 
what stage) they occur. These modifications can be morphological or heterochronic. 

In order to facilitate temporal and morphological comparisons, the concept of Repeating 
Growth Unit (RGU) was introduced as a morphological unit intermediate between 
metamer and module (Grimes 1992). The RGU is defined as the smallest complete 
repeating or unitary sequence of metamers produced by a meristem. A module is the 
series or sequence of RGUs produced by a single apical meristem. An RGU is the 
same as the module in those cases where an indefinite series of metamers are produced 
which are morphologically and physiologically indistinguishable. The inflorescence 
was defined (Grimes, 1992) as that sequence of metamers of a RGU that participates 
in the production and/or presentation of flowers and fruit. 

Briggs and Johnson (1979) introduced terminology dealing with duration of meristems 
which is followed here. Anthotelic meristems are those that terminate with the 
formation of a flower. Blastotelic inflorescences do not terminate with a flower and 
are divided into two types. Auxotelic axes continue growth beyond the flowering 
region, while anauxotelic ones end in an aborted vegetative apex. 

Defined in the context of Repeating Growth Units (Grimes 1992), shoot dimorphism 
means that different shoots on the same individual are composed of different metamers 
or sequences of metamers. In architectural terminology shoot-dimorphism is a result 
of division of meristem labor (Halle et al. 1978; Tomlinson 1978; Tourn et al. 1992). 

Romberger (1963) defined a bud as an unextended, partly developed shoot having 
at its summit the apical meristem which produced it. Halle et al. (1978, p. 35) 
distinguish a rosette from a bud: a bud is enclosed by bud-scales, a rosette by 
reduced foliage leaves. For descriptive purposes in this paper branch-bud and apical 
bud both are used to refer to the nodes and associated leaf-primordia that are 
congested distal to the first elongated internode, regardless of whether covered by 
bud-scales or foliage leaves. 

A primary bud is the first to develop in a leaf-axil (Cremer 1978); accessory buds 
develop subsequently. Halle et al. (1978) differentiate between primary and secondary 
bud complexes. In primary complexes several meristems are initiated separately 
within a single leaf-axil, most commonly in a transverse or vertical series. Secondary 
complexes are essentially condensed shoot-systems that apparently result from the 
branching of an original solitary lateral meristem. 

Preformed buds (Brown & Sommer 1992; cf. Tomlinson & Gill 1973) are those in 
which the metamers of a morphogenetic unit (which is more or less equivalent to 
RGU) are formed but then undergo some period of dormancy in a condensed state. 
Neoformed buds (Brown & Sommer 1992) are those in which metamers form and 
develop with no period of dormancy. 

The plastochron is the time between the initiation of one leaf-primordium and the 
initiation of the next (Mauseth 1988). For descriptive purposes nodes and 
leaf-primordia are numbered basipetally starting with the one differentiating at the 
apex (first plastochron, first leaf-primordium). 

Heterochrony is the change in relative time of appearance and/or rate of development 
for characters already present in the ancestor (Gould 1977). So, determining that 
there has been a heterochronic change and the polarity of the change requires some 
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phylogenetic hypothesis. Homeosis is 'the assumption by one part [of an organism] 
of likeness to another part', or 'the complete or partial replacement of one structure 
with a different structure.' Heterotopy is the change in the position of inception of 
organs (Sattler 1978). Several authors argue that homeosis is a special case of 
heterochrony (Coen 1991; Hill & Lord 1989; Lord 1991; Lyndon 1994), and Lyndon 
(1994) points out that while homeotic genes are often assumed to be positional 
genes, their role in regulating timing (heterochrony) should be distinguished from 
any role in affecting position. The role of heterochrony in affecting or effecting 
heterotopic changes remains unstudied, and the relationships between heterochrony, 
heterotopy and homeosis require theoretical discussion. 

Martinez (1975) published a study of axillary buds but did not include developmental 
studies. She included two species of Ingeae, Inga uruguensis Hook. & Arn. and 
Pitlwcdlobiian grisebachianum (= Chloroleucon foliolosum (Benth.) G. P. Lewis), and two 
species of Acacieae, Acacia caven (Mol.) Mol. and A. visco Lor. ex Griseb. In that 
paper three types of axillary bud-systems were found: solitary, multiple serial, and 
multiple biserial. Multiple serial buds are aligned in one series along the axis of the 
stem; multiple biserial buds occur in a zig-zag or alternate fashion in two series 
along the axis of the stem. Martinez noted that in all cases maturation of the buds 
was basipetal, but did not note any differences in timing of maturation of the buds 
relative to other organ-systems. Individual taxa included in this work will be 
discussed further and comparisons made below. Chloroleucon foliolosum is quite 
different in that the buds are apparently preformed and enclosed in perules. Origin 
of unit-inflorescences and heterochronic differences in formation of leaves and 
unit-inflorescences were not mentioned. Branch and inflorescence development in 
the two species of Acacia is apparently quite similar to Acacia nilotica, discussed 
below. The condition in Inga uruguensis is similar to many discussed herein but, 
without notes on heterochronic phenomena and developmental studies, more specific 
comparisons are not possible. 


Materials and methods 

The taxa chosen for study were those for which living material was available either 
from nurseries, or in cultivation by the author or at the New York Botanical Garden. 
The taxa studied are: Paraserianthes lophantha (Willd.) I. Nielsen, Zapoteca tetragona 
(Willd.) H. Hern., Lysiloma microphyllum Benth., Acacia nilotica (L.) Willd., Ebenopsis 
ebano (Berlandier) Barneby & Grimes, ined., and Pithecellobium duke (Roxb.) Benth. 

Buds were dissected fresh and fixed (or fixed and then dissected) for 24-48 hours in 
FPA (formalin:proprionic acid:95% EtOH:water, 5:5:45:45) and stored in 95% EtOH. 
Dissection was done on a Wild M5 dissecting scope. Specimens were taken through 
a dehydration series to 100% acetone, critical point dried on a Denton DCP-1 
apparatus, coated in a Hummer sputter coater with gold-palladium, and examined 
at 2 or 5 kv on a JEOL JSM-T300 scanning electron microscope. 


Results 

Paraserianthes lophantha (Willd.) 1. Nielsen (Figs 1, 2a-d, 3a) 

Paraserianthes lophantha is native to the East Indies and south-western Australia. The 
typical subspecies is widely cultivated, and naturalized in the San Francisco Bay 
area of California. Observations were made one time on a population in San Francisco, 
and on plants grown from seed from that population cultivated over two years. 
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The species exhibits a generalized pattern of development of monomorphic shoots 
with a 2/5 phyllotaxy in a counterclockwise spiral on which leaves and inflorescences 
develop coevally. Growth is anauxotelic and death of the apical meristem in wild 
populations is apparently seasonal. The apical meristems of plants in cultivation die 
sporadically, independent of season. The RGU (Fig. 1) consists of a number (m 
cultivation 6-15 or more) of sterile metamers followed by a number of fertile ones in 
which 1-4 axillary unit-inflorescences develop sequentially, at anthesis the 
inflorescence is a pseudoraceme of spikes. The plants exhibit late-suppressed 
hysteranthy (Grimes 1992). That is, the first-formed inflorescences are subtended by 
leaves, but the leaves subtending the inflorescences formed toward the end of the 
RGU are suppressed. 

The leaf-primordium forms alone on the apex (Fig. 2a), the stipules being produced 
on its flank during the second plastochron (Fig. 2b). The leaf-primordium grows 
very rapidly and by the fourth plastochron the apical bud is protected by a series of 
enlarged petiole-bases (Fig. 2c): that of the fourth leaf making up nearly 1/2 of the 
circumference of the bud. Intemode elongation starts between the fifth and sixth, or 
sixth and seventh plastochron. All metamers produce axillary buds in a biserial 
arrangement, and there is a temporal differentiation of the buds, those at the 
first-formed nodes of the RGU are vegetative, those at the later formed ones 
reproductive. In all cases the first bud to develop is sinistral to the mid-line of the 
leaf (Fig. 2c), and is first visible at the fourth (sometimes fifth) plastochron. 
Subsequently one or more buds might form in a biserial arrangement, and 
differentiation is basipetal. The buds resemble those of Lysilonin latisilicjuuvi (see 
below. Fig. 5b) and are made up of a reduced bract-like structure lateral to the 
bud-meristem. At older nodes of the RGU the first buds can develop sylleptically as 
a branch, but most of them remain dormant (Fig. 2d) and very poorly differenHated. 
Most branching is from proleptically developing buds. Toward the end of the 
formation of the RGU all buds form spicate unit-inflorescences. The sinistral 
first-formed bud differentiates before the second-formed one. The bud-meristem 
itself seems to develop into the unit-inflorescence (Fig. 3a) with no formation of 
vegetative metamers (cf. Lysiloma microphylhtm, below). 

Zapoteca tetragona (Willd.) H. Hern. (Figs 1, 3b,c) 

Zapoteca tetragona is widespread from central Mexico south along the Andean 
Cordillera from Venezuela to southern Ecuador. It is frequently cultivated. 
Observations were made over the course of two years on several specimens cultivated 
at the New York Botanical Garden. 

In most respects the pattern of growth resembles that of Paraserianthes lopbnntha. 
Differences are noted following. Shoots are monomorphic and in cultivation at least 
auxotelic (Fig. 1). The RGU consists of a series of ± 3-9 sterile metamers consisting 
of leaves, stipules, and axillary buds, and ± 3-? reproductive ones in which some of 
the axillary buds develop sylleptically into unit-inflorescences. There is no apparent 
modification of a resting bud, and while the plants grew faster during some times 
of the year than others, no period of real dormancy was noted. In contrast to 
P. lophantha, phyllotaxy is distichous at inception (Fig. 3b), though on plagiotropic 
shoots the leaves are displaced somewhat toward the upper side, so that the angle 
between them is about 160°. The stipules develop on the apex with, or even slightly 
before, the leaf-primordium, and by the second or third plastochron become much 
larger than the associated leaf-primordium. The growing buds, though enclosed in 
a envelope of precociously developed stipules, are not, as mistakenly stated by 
Grimes (1995, in data set), preformed. Axillary buds start to develop during 
plastochron four or five, and form an obconical bud lacking bracts or scales (Fig. 3c). 
The first bud is sinistral, subsequent buds form in a multiple biserial series as in 
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Fig. 1. A diagrammatic representation of the growth of Paraserianthes lophantha and Zapoteca 
tetragom. Hollow stems represent the last RGU (see text), solid stems the current RGU. In both 
species the RGU is made up of a series of sterile metamers followed by a series of fertile ones. 
The species exhibit late-suppressed hysteranthy, in which the leaves subtending the first-formed 
unit-inflorescences are developed, but those subtending the later ones are suppressed. 
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Paraserianthes lophantha. Elongation of the internodes takes place during plastochron 
seven or eight. In the specimens in cultivation branching was proleptic, and occurred 
only after the terminal bud had been excised. Inflorescences did not form on the 
specimens in cultivation, but on herbarium specimens are pseudoracemes of capitula 
similar in form to the inflorescence of Paraserianthes lophantha. 



Fig. 2. Scanning electron micrographs of Paraserianthes lophantha. a, apical meristem (x 350), 
the leaf-primordium is visible as a bump at 9 o'clock; b, the leaf one plastochron later, the 
arrow shows the differentiating stipules (x 200) partly hidden by a trichome; c, apical region 
(x 100). The numbers 3 and 4 show where the third and fourth leaves were removed, the 
petiole of the fourth leaf encircled nearly half of the circumference of the bud. The arrow 
shows the axillary bud, which has developed in the leaf-axil between the third and fourth 
plastochron; d, dormant axillary buds at an old node. 
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Lysiloma microphyllum Bentham (Figs 3d, 4, 5a-d) 

Lysiloma microphyllum is widespread in Mexico from the Cordillera Occidental of Sonora 
south to Oaxaca, east into San Luis Potosi and Puebla. Observations were made on 
one mature (reproductive) and one juvenile plant in the conservatory of the New York 
Botanical Garden. Morphology of the stems, and growth and flowering are quite 
complicated and more long-term obser\'ations on wild populations are needed. 



c d 


Fig. 3. Scanning electron micrograph of three species of Ingeae. a, developing unit-inflorescence 
of Paraseriamhes lophantlm (x 100). The bract to the right is part os the same bud forming the 
unit-inflorescence; b, stem-apex of Zapoteca tetragom (x 200); c, axillary bud of Z. tetrngoim seven 
plastochrons after initiation of associated leaf-primordium (x 75); d, stem-apex of Lysiloma 
microphyllum (x 200). In this and subsequent micrographs b = bract, s = stipule p = leaf-primordium. 
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The species has anauxotelic dimorphic shoots (Fig. 4), and RGUs on both 
long-shoots and short-shoots are delimited by a period of dormancy with no 
morphological differentiation of the dormant branch-apex other than the withered 
remains of the aborted bud. The RGU of long-shoots consists of ± 3-7 metamers 
consisting of a primary leaf and associated stipules, and usually a pair (sometimes 
more) of axillary buds with perules. At the apex, the leaf-primordium and 
stipule-primordia arise separately (Fig. 5a). The stipules develop precociously 
relative to the leaf, and reach nearly adult size even before internode elongation. 
This latter takes place sometime after the fifth (usually after the sixth) plastochron. 
The terminal bud is enclosed in a series of these enlarged stipule-pairs, but the 
bud is not preformed. Axillary buds develop between the fifth and sixth 
plastochron, and apparently form in a serial file (Fig. 5c), though a third bud has 
no\ been observed to form. At most nodes buds remain dormant and the base of 
the petiole grows up around the bud-complex, sometimes nearly enclosing them 
(Fig. 5c). Branching is proleptic, apparently at nodes that have previously 
flowered. Axillary buds are of two different types. Newly formed vegetative 
buds are similar in morphology to those of Paraserianthes lophantha in that they 
consist of bract and apical region (Fig. 5b), though curiously, old ones are 
obconical and resemble those of Zapoleca telragom. After starting to develop the 
bud has an apex similar to that of the long-shoot apex, with distichous phyllotaxy. 
Likewise, though the stipules arise concomitant with the leaf-primordium, they 
develop 'much more quickly (Fig. 5d). The second type of bud is apparently 
reproductive, and its development differs from both that of the long-shoot and 
that of vegetative short-shoots in that phyllotaxy is apparently spiral, though 
this interpretation needs confirmation. Furthermore the stipules do not develop 
to any appreciable extent. Unlike the bud in Paraserianthes lophantha, the 
short-shoot in L. microphyllum grows at the apex, producing a series of reduced 
leaves, and the unit-inflorescences arise axillary to these (Fig. 6a). Fig. 6a shows 
an inflorescence arising on a sylleptically developing short-shoot. In either case 
most inflorescences develop precociously relative to the subtending leaf. 

Flowering is independent of long-shoot development, and many short-shoots bloom 
proleptically after the long-shoot has finished formation. Sometimes, though, 
unit-inflorescences develop both on short-shoots and seemingly on long-shoots, 
though in the latter on very reduced short-shoots. When in flower the inflorescence 
on some specimens resembles the pseudoraceme of capitula seen in Paraserianthes 
lophantha and Zapoteca tetragona (cf. Figs 1 and 4), but in reality they are different. 
The unit-inflorescences in the latter two species develop directly from primary buds 
concomitant with the RGU on which they form (i.e. sylleptically). In contrast, while 
the inflorescence of L. latisiliquuin may be described as a pseudoraceme of capitula 
in that there are unit-inflorescences distributed along a long-shoot, the species exhibits 
shoot-dimorphism: one type of RGU is the long-shoot that develops from the apical 
meristem, and a second type of RGU is the reproductive or vegetative short-shoot 
that develops proleptically. Following the definition of inflorescence of Grimes (1992) 
then, the disposition of flowers along the long-shoot is not the inflorescence and 
L. latisiliquiim has two kinds of inflorescences: those developing sylleptically on 
short-shoots that are subunits of an RGU, and those developing proleptically on 
short-shoots that are themselves RGUs. 

Acacia nilotica Bentham (Figs 4, 6b,c) 

Acacia nilotica is a member of subgenus Acacia, and is widespread in tropical Africa, 
through southern Asia into the Indian subcontinent. Observations were made on two 
plants cultivated by the author. As neither has bloomed, phenology has been inferred 
from herbarium specimens. 
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Though the growth form superficially resembles that of Ebenopsis ebano (following) in 
that the species possesses stipular spines and axillary short-shoots, in growth pattern 
A. uilotica is more similar to Lysiloma microphyllum (Fig. 4); flowering occurs only on 
short-shoots, and these can develop sylleptically or proleptically. The RGU of the 
long-shoot is of a series of metamers, which are produced indefinitely in the greenhouse 



Fig. 4. Diagrammatic representation of the growth of Lysiloma microphyllum and Acacia nilotica. 
a, the repeating growth unit of non-blooming long-shoots; b & c, short-shoots. All flowers are 
produced on short-shoots, b, flowering from proleptically developing short-shoots only, 
independent of any long-shoots expansion; c, flowering on both proleptically and sylleptically 
developing short-shoots, the proleptic ones on the penultimate RGU. 
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as long as water is provided. When drought-stressed as is undoubtedly the wild 
condition, the apical meristem dies: growth resumes from an axillary bud near the 
apex. Phyllotaxy is spiral and counterclockwise, and the metamers consist of the leaf, 
associated stipular spines, and axillary buds. The stipules do not arise on the apex 
with the leaf-primordium, but rather develop late in the second plastochron or between 
the second and third (Fig. 6b) on the flanks of the leaf-pnmordium proper. Subsequent 
growth is rapid, and the apical bud is more or less protected by the numerous spines. 




c d 

Fig. 5. Scanning electron micrographs of Lysiloma microphylliiin. a, apex of long-shoot (x 350); 
b, axillary bud (x 200); c, two axillary buds in a vertical series, the oldest bud distal to the 
youngest (x 35); d, apex of an axillary bud. 
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Axillary buds are multiple biserial (Fig. 6c). These buds are produced sequentially over 
many years; commonly one will change into a long-shoot. As in Lysiloma microphyllum 
flowering occurs strictly on short-shoots, which develop sylleptically or proleptically. 
The development of the unit-inflorescences is precocious relative to the subtending leaf 
and is apparently similar to that oi Acacia caven and A. visco, reported by Martinez (1975). 




c d 


Fig. 6. Scanning electron micrographs of several species of Ingeae. a, axillary bud of Lysiloma 
microphyllum with developing unit-inflorescence (x350); b, c, Acacia nilotica. b, apex of stem 
(x 200). Stipules are clearly visible at the third plastochron; c, multiple serial buds (x 50); 
d, Ebcnopsis ebnno, axillary bud (x35). The leaf-primordia form an enlarged buttress (T ) that 
partially covers the meristematic region. 
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Ebenopsis ebano (Berl.) Barneby & Grimes (Figs 6d, 7, 8a-d) 

Ebenopsis is a genus of three species confined to the south-western United States and 
Mexico. The species are all drought-deciduous thorny shrubs with axillary 
brachyblasts. Ebenopsis ebano is common in thickets and subtropical deciduous 
woodlands in north-eastern Mexico (also disjunct in Yucatan) and south-eastern 
Texas. Observations were made on a pair of plants cultivated in the Conservatory of 
the New York Botanical Garden over the course of five years, and a one-time visit 
to a population in Live Oak County, Texas. 

The species exhibits shoot-dimorphism, with long-shoots and short-shoots 
(brachyblasts). All shoots are auxotelic. Phyllotaxy is spiral in a counterclockwise 
direction on both long- and short-shoots (Fig. 8a). The RGU of the long-shoots 
(Fig. 7) is made up of (most commonly) 1-6 metamers each consisting of a primary 
leaf, associated stipular spines, and a sylleptically formed axillary bud. RGUs are 
delimited by a period of dormancy, with no morphological differentiation of the 
dormant branch-apex. The stipules arise independent of but concomitant with the 
leaf-primordium (Fig 8b), but develop much more rapidly. The primary leaf persists 
during the development of several subsequent RGUs, even after the short-shoots 
themselves start to produce leaves. The first axillary bud is visible usually at the 
third plastochron but remains dormant through the seventh (Fig. 8c). Internode 
elongation takes place between the seventh and eighth plastochron, at which time 
the axillary bud develops into a short-shoot (Fig. 8d). 

The RGU of the short-shoot consists of a series of fertile metamers with leaves and 
axillary unit-inflorescences produced in the same phyllotaxy as the long-shoots, but 
the stipular spines of the short-shoots develop neither as quickly nor to such an 
extent as those on the long-shoots. The RGU of the short-shoot differs from that of 
the long-shoot in that the internodes fail to elongate, and all buds axial to 
leaf-primordia form unit-inflorescences. The primordia giving rise to the 
unit-inflorescences develop precociously relative to the subtending leaf, that is there 
is some delayed or perhaps late-suppressed hysteranthy. The inflorescence is a 
pseudoraceme of capitula, but there is only one inflorescence per node. Short-shoots 
uncommonly change into long-shoots, but do so only after several years. Most 
short-shoots continue to produce nodes for a limited number of years: eventually 
they are grown over by secondary growth of the stem. 

Pithecellobium dulce (Roxb.) Bentham (Figs 9, 10a,b) 

Pithecellobium dulce is native from Mexico through Central America south into 
Colombia and Venezuela, but cultivated throughout the world. Observations were 
made over the course of several years on a specimen (since destroyed) cultivated at 
the Conservatory of the New York Botanical Garden. 

Shoots are dimorphic (see below) and growth is apparently anauxotelic, but this 
needs to be confirmed on wild trees as the specimen cultivated at the New York 
Botanical Garden was regularly pruned. The RGU (Fig. 9) consists of a series of 
vegetative metamers (a dozen or so on a healthy branch) consisting of well developed 
leaves, stipular spines, and axillary buds, followed by a series (up to 20 or more on 
healthy branches) of reproductive metamers consisting of nodes with suppressed 
leaves and axillary branches, also with suppressed leaves. Phyllotaxy is spiral 
(Fig. 10a), though in contrast to Ebenopsis ebano and Acacia nilotica the spiral is 
clockwise. Stipules do not arise on the apex, but rather from the flanks of the 
leaf-primordium; they first become visible around the fourth plastochron (Fig. 10a). 
Axillary buds are first visible at the fifth plastochron (Fig. 10a), and are centric 
relative to the subtending leaf-primordium. Subsequently, other buds form lateral to 
the first, and are triserial (Fig. 10c). Internode elongation takes place after the seventh 
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or eighth plastochron, and during this time the axillary bud develops into a short- 
shoot consisting of reduced leaves and suppressed internodes (Fig. 10b). 

The buds of the vegetative and reproductive metamers are the same in appearance. 
Those on the vegetative metamer will uncommonly develop into a long-shoot branch. 
Pithecellobiiim duke exhibits late-suppressed hysteranthy (Grimes 1992), so leaf formation 
is suppressed (delayed) at all nodes forming unit-inflorescences. Unit-inflorescences 
develop in the axils of the leaf-primordia which make up the bud-complex, with two 
to several unit-inflorescences developing sequentially (not simultaneously) at each 
node. Often on reproductive metamers one of the buds will develop into a branch, but 
all the leaves are suppressed, and unit-inflorescences form at each node. These branches 
usually persist and become leafy, though on the specimen observed they never formed 
a major branch. Proleptically formed branches follow the same pattern of vegetative 
and reproductive metamers as the orthotropic branch. 



Fig. 7. Diagrammatic representation of the growth of Ebenopsis ebano. The black half-circles 
represent short-shoots. 
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Fig. 8. Scanning electron micrographs of Ebenopsis ebano. a, apical region (x 200); b, apex (x 350). 
The crack is an artefact; c, a very reduced axillary bud (arrow) seven plastochrons after initiation 
of associated leaf-primordium; d, axillary bud eight plastochrons after initiation of associated 
leaf-primordium (x 50). 
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Fig. 9. Diagrammatic representation of growth of Pithecellobium duke. 
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Fig. 10. Scanning electron micrographs of Pithecellobium duke, a, stem-apex (x 200); b, mature 
inflorescence-bud (x 100), the subtending leaf has been removed; c, multiple, triserial buds (x 50). 
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Discussion 

No single generalized pattern of development of shoots and inflorescences has been 
found for the species examined. All species are alike in that the leaves are neoformed 
(versus preformed, see Brown & Sommer 1992), and axillary buds form within the 
first 8 plastochrons. They are also alike in that there are no morphological differences 
between sylleptic and proleptic vegetative buds (cf. Tomlinson 1978; Tomlinson & 
Gill 1973). Furthermore the axis of most shoots producing unit-inflorescences are 
persistent. The major differences in the species herein examined can be found in 
phyllotaxy, morphology of the axillary buds, and in timing of development of stipules 
and unit-inflorescences. 

Zapoteca tetragona and Lysiloma mkrophyUum both have distichous phyllotaxy, while 
Ebenopsis ebano, Acacia nilotica, Paraserianthes lopbantha and Pithecellobiiim duke have 
2/5 spiral phyllotaxy. Martinez (1975) also noted distichous phyllotaxy in Inga 
uruguensis Hook. & Arn. In £. ebano, A. nilotica, and P. lopbantha the spiral is 
counterclockwise, while in P. duke it is clockwise. Though this is true of all shoots 
on the individuals examined, it has not been determined if it is true for the species 
as a whole. Dormer (1954) and Tucker (1963) noted that in the species they studied 
the phyllotactic pattern alternates between orthotropic and plagiotropic shoots. In 
most of the species studied here the distinction between orthotropic and plagiotropic 
shoots is arbitrary, but when two types are distinguishable, the phyllotactic pattern 
remains the same on both. In Lysiloma microphyllum the phyllotaxy on long-shoots 
and vegetative short-shoots is distichous, that of reproductive short-shoots is 
apparently spiral though this interpretation needs confirmation. 

Most of the species exhibit a gradual elongation of the internodes, that is elongation 
takes place more or less continually from the first plastochron. In E. ebano, however, 
elongation of the internode on long-shoots is abrupt and always takes place between 
the seventh and eighth plastochrons. 

The buds, either axillary or terminal, are protected in one of three ways, these are 
comparable to the characters used in the cladistic analysis of Ingeae (Grimes 1995). 
In Paraserianthes lopbantha the leaf-rachis enlarges rapidly, and the apical meristem is 
protected by a series of these enlarged rachises (char. 18, Grimes 1995). In Acacia 
nilotica and Ebenopsis ebano the apical meristem is protected by stipular spines, even 
though the two species differ in the time of inception of the stipules (see below). 
The apical meristem of Ebenopsis is further protected by an enlarged buttress formed by 
the leaf-rachis. In Zapoteca tetragona and Lysiloma microphyllum the apical meristem is 
protected by the enlarged, overlapping, foliaceous stipules. L. microphyllum, furthermore, 
protects the dormant axillary buds by partially surrounding them in the petiole-base. 
In the data set for cladistic analysis (char. 19, Grimes 1995) the buds of these last two 
species were interpreted as preformed (sensu Brown & Sommer 1992). This is incorrect. 
Though the buds appear preformed, there is either no period of dormancy and the 
shoots grow throughout the year, or if there is some dormancy, all the metamers that 
make up the RGU are not already formed within the buds. (Note that this should have 
no effect as the character can be redefined as: buds 0 - not enclosed by stipule-pairs, 
1 - enclosed by stipule pairs). Stein (1975) noted that the stem-apex of Hymenaea courbaril 
is likewise protected by stipule-pairs that cover their associated leaf. He considered this 
to be an unusual condition. 

There are two different types of axillary bud 'systems' in the species examined that 
only partially conform to the definition of primary and secondary bud complexes of 
Halle et al (1978). Primary complexes, or those in which several meristems are 
initiated separately within a single leaf-axil, are known in Acacia nilotica, Zapoteca 
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tetragona, Paraserianthes lophantha, Lysiloma microphylliim and Pithecellobium duke; in 
these cases all are biserial or triserial bud systems, as is common in other legumes 
(Dormer 1954; Martinez 1975). At any given node axillary buds are produced in a 
zig-zag fashion by a meristematic region in the axil; maturation is basipetal. The 
buds are actually short-shoots with two or three nodes. In most of the species these 
buds remain undeveloped, but in Acacia niloHca most of them develop proleptically 
as long-shoots. At any given node, the meristematic region in the axil is capable of 
giving rise to other buds. No matter how many buds are formed, however, the 
meristematic region remains in the axil. Cremer (1972) calls this an axillary meristem. 
In contrast, the bud of Ebetwpsis ebano develops as a short-shoot with the same 
phyUotaxy as the long-shoot, but with internodes that do not elongate. In contrast to 
the serial bud system, no other bud has ever been observed to form at a node in this 
species. The meristematic region remains at the apex of the shoot in £. ebano, rather 
than in the leaf-axil as in the other species. This type of bud system is not 
accommodated in the definitions of Halle et al. (1978). 

Pithecellobium duke and Paraserianthes lophantha clearly have two kinds of buds; 
multiple serial buds that evidently produce all vegetative branching, and primary 
buds that develop directly into inflorescences. In P. lophantha these two types are 
more or less separated: the vegetative ones occur on older metamers of any RGU, 
the reproductive ones on younger. Zapoteca tetragona is probably much like 
P. lophantha. In P. duke, however, there is evidently some mixing of the two types of 
buds at some nodes. Lysiloma microphyllum clearly only has one type of bud, which 
develops into a short-shoot on which inflorescences can form, and from which 
long-shoots can develop. Likewise Ebenopsis ebano has but one kind of primary bud 
that develops into a short-shoot. 

In Acacia nilotica a leaf will often form on one of the buds with no shoot-elongation, 
and it then appears that a short-shoot has formed. However, there is no continued 
development of nodes with suppressed internodes. If the apex does become 
meristematic, the product is always a long-shoot. The characters used in the cladistic 
analysis do not adequately reflect these differences (chars. 7 & 8, Grimes 1995). 
While the Acacia nilotica -type of short-shoot and the Ebenopsis ebano -type are both 
branch systems with suppressed internodes, their development is not the same. 

There is a difference in time of origin of the stipules in the species examined. In 
Ebenopsis ebano, Lysiloma microphyllum and Calliandra surinamensis the stipules arise 
directly on the apex simultaneously with, but apparently independent of, the 
leaf-primordium. In Acacia nilotica, Paraserianthes lophantha, and Pithecellobium duke 
the stipules arise on the flank of the leaf-primordium. Assuming that the stipules in 
all these species are homologous, this difference is heterochronic: the stipules of 
E. ebano, L. microphyllum and C. surinamensis arise sooner than in the other three 
species. They also arise apparently spatially independent of the leaf-primordium 
directly from the apical meristem; it appears that their placement relative to the 
leaf-primordium has been changed. In this instance then heterotopy might be a 
result of a heterochronic change. 

Heterotopy has not been studied to the same degree as homeosis. It has been studied 
in the context of epiphyllous inflorescences (e.g., Dickison 1978; Dickison & Saltier 
1974; Saltier 1975a), roots (Yamashita 1970,1972), and leaves (Saltier & Maier 1977). 
Saltier (1975b) provided a generalized discussion, and later (1978) examined 
heterotopy in the context of fusion and floral morphology. In none of these works is 
the relationship between heterotopy and heterochrony mentioned, though the idea 
that homeosis is a result of heterochronic change is becoming widely accepted 
(cf. Coen 1991; Hill & Lord 1989; Lord 1991; Lyndon 1994). As the taxa studied here 
are widely distributed on the published cladogram (Grimes 1995), little may be said 
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about the polarity of the heterotopic change in stipule inception until a better resolved 
cladogram becomes available, and morphology of the stem-apex of more species is 
studied. Sattler (1978) pointed out that though the position of an organ may be 
evident, the direction of change (i.e., polarity) may not be known, and cautioned 
that one cannot assume that the unusual position is necessarily derived. 

All the species studied possess inflorescences which at anthesis can be described as 
pseudoracemes of capitula, and while the unit-inflorescences are probably 
homologous, the differences found clearly show that the pseudoracemes of capitula 
are not homologous as a type of inflorescence. They differ in heterochronic changes, 
and in hierarchical origin of unit-inflorescences. In Pnraserianthes lophantha and 
PUhecellobium duke the unit-inflorescence forms directly from the apical meristem of 
a primary bud (a bud formed directly in the leaf-axil). Though the meristem is 
covered by a bract, no other bracts form above the inflorescence. In Lysiloma 
microphyllum, in contrast, the inflorescences clearly form axillary to leaf-primordia 
(?bracts) on short-shoots; the primary bud itself is a condensed shoot-system and 
the meristem of the unit-inflorescence forms from a secondary bud. This stage of 
inflorescence-development has not yet been seen in the other species. Few would 
disagree that the unit-inflorescences (capitula or spikes) are homologous between 
the taxa studied here, and indeed probably throughout the subfamily Mimosoideae. 
However, the variation in position of the unit-inflorescences might better be seen as 
a separate character of a different order. 

The major heterochronic difference in terms of origin of inflorescences can be seen 
as a temporal difference in the fate of buds. In Ebenopsis ebano all inflorescences arise 
on short-shoots axillary to a leaf, which develops more slowly. All nodes formed on 
the short-shoot apparently form unit-inflorescences. In P. lophantha, A. nilofica, 
P. duke and Z. tetragona the unit-inflorescences develop sylleptically from axillary 
buds, but there is temporal differentiation of the buds: only those buds formed at 
the end of the formation of the RGU develop into unit-inflorescences. 

Lysiloma microphyllum and Pifhecellobium duke are unusual in that there is simultaneous 
blooming of unit-inflorescences that have developed both proleptically and 
sylleptically on axillary buds; the proleptic ones from a previous RGU, the sylleptic 
ones form a current RGU. Following the definition of inflorescence presented by 
Grimes (1992) the inflorescence of these species is not the totality of unit-inflorescences 
produced along a stem made up of many RGUs, but rather the series of one or few 
floriferous nodes of the short-shoots. 
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Abstract 

Douglas, Andrew W. (Royal Botanic Gardens, Melbourne, Birdiuood Avenue, South Yarra, Victoria, 
3141, Australia) 1996. Inflorescence and floral development o/Carnarvonia (Proteaceae). Telopea 6(4): 
749-774. Carnarvonia araliifolia is an endemic of north-east Queensland and the sole member of 
the subfamily Camarvonioideae in Proteaceae. The inflorescence structure is atypical compared 
to the relatively simple racemiform architecture found in the other taxa of the family (including 
Grevilleoideae that has flower pairs). There is variability in numbers of flowers on a given axis, 
irregular branching of inflorescence axes, positions of flowers within an axillary module, numbers 
of flowers at a node on the principal axes, and the cauliflorous, axillary and/or terminal location 
of flowering regions on a branch. Carnarvonia has been hypothesized as having shared a common 
ancestor either with or within Grevilleoideae. Developmental evidence is examined to better 
define and elucidate the morphogenetic processes involved in the complex architecture of the 
inflorescence and flowers including the fundamental units of construction within a metameric 
conceptual framework. Likewise, the developmental evidence is used to examine the hypotheses 
of morphological derivation of the inflorescence as inferred from phylogenetic hypotheses. The 
inflorescence structure is interpreted as a paniculiform-raceme although terminal flowers are 
present on axillary inflorescence branches. There is variation within the developmental 
programme of the first three metamers of a subunit or axillary inflorescence branch that differs 
from the variation present in other Proteaceae and an inflorescence branch can vary in the 
number of flowers that develop. In the terminal flowers of a module, the first tepal is initiated 
in a position that follows the phyllotactic continuity of each subunit (2/5), the first tepal being 
initiated in a predictable position based on the position of the preceding bract primordium. The 
carpel is initiated in a lateral position, closest to both the first initiated stamen and tepal, thus 
maintaining the phyllotactic continuity in the flower. The ontogenetic events involved in 
inflorescence development in Carnarvonia clarify its morphological organization and provide 
morphological evidence of the derivation of the inflorescence form from a single-flowered, 
perhaps racemiform, ancestor. 


Introduction 

Carnarvonia araliifolia F. Muell. (1867) is the sole member of the genus and is endemic 
to north-east Queensland (Hyland 1995). Originally, the genus was placed in 
Grevilleoideae (Engler 1889) based on the dehiscent follicle and winged seeds and in 
the tribe Macadamieae by Venkata Rao (1971) based on the regular flowers. Currently, 
the genus is placed in a subfamily of its own, Camarvonioideae (Johnson & Briggs 
1975) on the basis of several unique characters like the loosely organized racemo- 
paniculate inflorescence, fmit structure, 'partly digitate, partly pinnate and partly 
first-degree, partly second-degree division of the leaves' (Johnson & Briggs 1975, 
p. 106-107), and several hypothetically independently derived characters or homoplasies 
such as the absence of liypogynous glands, and the the presence of two hemitropous 
ovules. Carnarvonia is also excluded from Grevilleoideae due to the fact that it lacks 
the grevilleoid flower pair condition (two flowers subtended by a common bract 
along the main axis; Johnson & Briggs 1975). In Johnson & Briggs (1975), Carnarvonia 
is hypothesized to be derived from a common ancestor of Grevilleoideae. 
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The inflorescence of Carmrvonia is unlike the inflorescences in the rest of the family. 
The inflorescence architecture among taxa of most Proteaceae is essentially racemiform 
although there is a tremendous diversity of types or forms (e.g. frondose inflorescence, 
racemes, spikes, spadices, umbels and capitula). This includes Grevilleoideae that is 



Fig. 1. Inflorescence diagram of Carnarvonia araliifolia. Main axis and branching axillary subunits. 
[In all figures except where noted, T = tepals, S = stamens, mf = median furrow, tf = transverse furrow, 
G = gynoecium; O = ovary, ii = inner integument, oi = outer integument; a = a-phyll, b = p-phyll, 
c = y-phyll, d = 5-phyll, x = axis.) 
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characterized by the presence of flower pairs, each pair representing the products of 
first-order axillary meristems, analagous to a floral meristem on an inflorescence 
(Douglas & Tucker 1996a). The inflorescence of Carnarvonia differs from other 
Proteaceae in that: it is paniculate in outline; it appears to have complex and irregular 
branching patterns; the smallest inflorescence branch units tend to be composed of 
two to four flowers, one of which is at the base of the inflorescence branch; 
inflorescences can develop from proleptic or sylleptic buds; inflorescence positions 
can be axillary on old or new growth or even represent the terminal portion of the 
shoot; and the flower, depending on its position on an inflorescence, can either have 
or lack a subtending bract (Fig. 1). 

Implied in phylogenetic relationships are hypotheses of morphological changes of a 
homologous structure. Diverse forms of flowers and inflorescences are necessarily 
the products of differences in ontogenetic processes within each system. The 
hypothesized relationship of Carnarvonia as having shared a common ancestor with 
a taxon within Grevilleoideae (Engler 1889, Venkata Rao 1971) or as having a common 
ancestor with Grevilleoideae (Johnson & Briggs 1975) implies a divergence of 
developmental patterns in inflorescence construction that is either derived from the 
basic 'grevilleoid raceme' and flower pair condition found within Grevilleoideae in 
the former or from a 'common-groundplan' with Grevilleoideae in the latter. Within 
a developmental comparative context, the specific processes that result in a particular 
or novel morphology can be assessed (Wardlaw 1952, Fink 1982). Additionally, a 
developmental morphological study necessarily increases the available information 
concerning a specific morphological form. This is an essential element in 
understanding evolutionary changes in form, particularly when taxa share common 
parts of a form but have different manifestations of the parts within the form. Thus, 
a comparative examination of the development of the inflorescence and flowers of 
Carnarvonia could yield insights into the common and divergent elements of 
construction involved in inflorescence architecture as well as provide criteria of 
homology for future phylogenetic analyses. 

As part of an ongoing comparative developmental study of flower and inflorescence 
diversity in Proteaceae, this study describes the developmental events responsible 
for inflorescence and floral form in Carnarvonia and specifically aims to determine 
the basic developmental groundplan of the inflorescence using metameric concepts. 
Subsequently, these data will be used to examine the hypotheses related to the 
phylogenetic derivation of the Carnarvonia inflorescence and the grevilleoid flower- 
pairs and define the hypothetical changes that can or have occured in the 
diversification of inflorescences among Proteaceae. 


Materials and methods 

Specimens were obtained from multiple plants and populations from Mt Lewis, 
QLD. Additional material from cultivated wild plants was obtained from Yuruga 
Nursery, QLD. Floral and inflorescence material for developmental investigations 
was fixed in FA A (formalin - acetic acid - 50% ethanol; 5:5:90) and subsequently 
rinsed and stored in 70% ethanol. Inflorescence and floral materials were micro- 
dissected in 100% ethanol under an Olympus SZH-10 photo-dissecting microscope 
with Schott KL-1500 fiber-optic illumination. Dissected materials were further 
dehydrated in an ethanol-acetone series. Due to the extreme density of hairs, even 
at the earliest stages of ontogeny, some materials were redissected in acetone, the 
trichomes being removed individually in many cases. After dissections, dehydration 
and critical point drying, the material was mounted on aluminum stubs using 
colloidal graphite and sputter coated with ~ 100-400 nm of gold. In some cases. 
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dried materials were further dissected with a sticky minuten pin to remove hairs 
that covered meristems. Prepared materials were viewed on a JEOL 840 scanning 
electron microscope and images were captured on Kodak T-Max 100, 120 mm roll 
film for later comparison. During dissections, some materials were photographed 
with a Nikon F2 on Kodak T-Max 100, 35 mm film, particularly when developing 
primordia had to be removed, to show the relationships of parts. 


Terminology 

Inflorescence terminology used is primarily the same as that in Briggs & Johnson 
(1979), White (1979, 1984), Grimes (1992) and in some cases Weberling (1989). Some 
commonly used terms here include; a metamer to define the basic unit of an 
inflorescence that is composed of four distinct structures: 1) the internode proximal 
to the leaf homologue 2) the node and 3) a leaf homologue or bract or pherophyll, 
that subtends an 4) axillary meristem that can have differing developmental fates 
(White 1979,1984). Principal axis refers to an axis that supports the metamers under 
discussion. Successive principal axes branch from the main axis (Fig. 1) and are 
called the primary, secondary, tertiary ... axes, each of which is a module the product 
of a single meristem or specifically a subunit (Grimes 1992) when referring to the 
sylleptic nature of the buds. Subunit is used here to describe the branches of the 
inflorescence and not the inflorescence strictly as inflorescences in Carmrvonia can 
develop from sylleptic or proleptic buds. It should also be noted that a flower is also 
a subunit although not referred to in that context here. To describe the structure and 
flowering pattern in Carmrvonia, the sequential and acropetal initiation of leaf 
homologue or bract primordia within a single module and subunit are assigned 
ascending greek letters (a, p, y, 8, e .,.). For example the first two leaf-homologue- 
primordia initiated from the flanks of an axillary meristem (i.e. prophylls) are termed 
the a-phyll and the P-phyll. 


Observations 

Mature organography 

Carnarvonia araliifolia is a rainforest canopy tree up to 30 m tall. The spirally arranged 
leaves can be simple, pinnate or palmately compound, and often covered with a 
dense indumentum when young. The inflorescence is a heterothetic racemiform- 
panicle (Fig. 1). In some specimens, flowering axes or modules proliferate on stems 
for upwards of 30 leaf nodes (approximately 60 cm), and five season old axes. 
Inflorescences are variable and can be divided into two blastotelic types based on 
the position of the principal axes relative to the youngest shoot, the anauxotelic and 
auxotelic (Briggs & Johnson, 1979). In most material examined, the inflorescence 
terminates the growth of the shoot (anauxotelic shoot systems) in which case there 
is a general serial transition of the leaves from compound to simple to bracteose 
(frondobracteose inflorescence), with inflorescence axes or subunits in each axil. 
New vegetative shoots tend to develop in the upper leaf axils, often being initiated 
from an auxiliary axillary meristem in an oblique transverse position next to the 
fallen inflorescence axis or persistent infructescent axis. Closer investigations reveal 
that the proleptic vegetative buds are initiated proximal to the inflorescence axes on 
the side facing the subtending leaf (Fig. 2) and are subsequently displaced to an 
oblique position. In some cases, shoot systems were auxotelic with axillary subunitary 
inflorescences either near the apex, or developing numerous nodes away from the 
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shoot apex on older growth stems (in which case the leaf had usually fallen). In the 
case of auxotelic systems, vegetative growth continued beyond the axillary 
inflorescence regions in a monopodial fashion. On all anauxotelic systems, axillary 
inflorescences are also present on older growth. 

The number of flowers per axis varies between 2 and 50. Compound branching (up 
to quaternary axes) of the inflorescence is greater in the terminal and near-terminal 
axillary inflorescences than the axillary inflorescences present on the older parts of 
the branch. Any branching axis of more than two flowers also has a flower or 
subunit inflorescence at the base in a bract axil (a-phyll) near the point of insertion. 
Flower numbers and secondary, tertiary and quaternary axis branching are greater 
in the basal metamers of each module and subunit, there being only one flower 
(Figs 3-4), two flowers (Fig. 5) or sometimes three flowers with one at the base of the 
small two-flowered principal axis (Fig. 6) towards the distal end of each inflorescence. 
At the base of insertion of axillary principal inflorescence axes, there is either a small 
inflorescence to one side of the larger inflorescence axis (Figs 1,13) or in some cases 



Fig. 2. Camera lucida drawing illustrating position of auxiliary axillary bud (ax) at base of a first 
order inflorescence branch. 
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Figs 3-7. Flowers and buds towards terminus of subunit. Fig. 3. Terminal portion of subunit showing 
terminal flower and single flower in bract axil. Fig. 4. Close up of single flower bud in bract axil. 
Fig. 5. Close up of two-flowered subunit, the a-phyll is small. Fig. 6. Close up of three flowered 
subunit. Fig. 7. Terminal flower and flower with no bract at anthesis. All scale bars = 2 mm. 













Douglas, Inflorescence development in Carnarvonia 


755 


a single flower (Fig. 1, 11). Most axillary subunits are anthotelic or determinate, 
having a terminal flower (Figs 3, 7). Other flowers along the axis are subtended by 
a bract (Fig. 4). In most material examined, the terminal portion of the primary or 
main axis appeared to senesce. 

The pedicellate flowers are actinomorphic, the four free tepals reflexing equally at 
anthesis (Figs 3, 7,12). Each epitepalous stamen filament is adnate to the lower half 
of a tepal. The distal half of each filament is free and stands slightly erect at anthesis. 
The filament is basifixed to the introrse anthers and there is a small connective 
protrusion distal to the microsporangia. In most cases, at anthesis, the pollen was 
contained within the anthers. In some cases, pollen was deposited around the distal 
end of the tapering style, proximal to the punctate and papillate stigma, although 
there are no morphological specializations of the style into a pollen-presenter. The 
mechanism of pollen adhesion around the style is unknown although pollen grains 
appeared to stick together at the apertures. The style broadens towards a stipitate 
ovary with a slightly lobed suture line. There are no hypogynous glands in the floral 
receptacle. Glandular trichomes line the claw of each tepal and fused filament and 
are composed of a basal tapered stalk and a globose end. An oily substance is 
exuded and the flowers have a strong 'Passionfruit fragrance' (P. Weston, pers. com.). 

Inflorescence topography/ontogeny 

Early ontogenetic stages of inflorescence and floral development are concealed by 
precocious trichome development. The anauxotelic portion of the inflorescence 
maintains a 2:5 phyllotaxis (Fig. 14) as is found in the vegetative axis. Transitory 
stages between vegetative and inflorescence apices were not examined. 

At the base of each lateral inflorescence axis or subunit composed of more than three 
flowers, just above the point of axis insertion in the leaf axil (Fig. 11), there is a 
single bract (a-phyll) normal to the median sagittal plane of the axis (Figs 8-10,13). 
Within each a-phyll axil there can be a flower, a small inflorescence or a senesced 
meristem. Developmental studies demonstrate that the a-phyll of the first metamer 
is persistent. The a-phyll can be positioned on the left (Fig. 17) or right side (Fig. 18) 
of the axis in relation to the subtending leaf primordium depending on the 
inflorescence. In some two-flowered and single flowered systems, there is no evidence 
of an a-phyll. The initiation of primordia and development of inflorescences in 
Carmrvoma is relatively similar for each axillary meristem or subunit. Below is a 
descriptive ontogeny of the inflorescence relative to the enlargement and development 
of subunits with deviations cited as appropriate. 

An axillary meristem (subunit meristem) is initiated within a leaf- or leaf-homologue- 
axil from the primary axis. The meristem enlarges and becomes slightly oblate although 
relatively flat (Figs 14-16). The first primordium or a-phyll, is initiated from the lower 
flank of the meristem in a transverse position relative to the leaf (Fig. 17). On different 
inflorescences the a-phyll varies between the left (Fig. 17) or right side (Fig. 18). 
Trichomes differentiate at the tip of the enlarging a-phyll primordium (Fig. 18-19). 
The second primordium, the p-phyll, is initiated from the opposite side of the meristem, 
approximately 180 degrees from the a-phyll (Figs 19-20). During the initiation of the 
p-phyll, there is slight elongation/differentiation of the internode between the a- and 
P-phyll (mesopodium) as evidenced by the restrictive trichome development and the 
lateral displacement of the a-phyll from the subunit-axis (Figs 21-22). As the subunit 
inflorescence apex enlarges and prior to and during the initiation of the y-phyll, a 
meristem can enlarge in the axil of the a-phyll (Figs 22, 23). There is variation in 
extent of axillary meristem enlargement in the a-phyll (compare the similar 
developmental stages in Figs 22 and 23). Within the axils of a-phylls in the subunits 
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Figs 8-10. Partially dissected first order subunit showing position of a-phyll node relative to 
subunit and main axis. Fig. 8. a-phyll side of subunit. Fig. 9. Polar view of same subunit. 
Fig. 10. P-phyll side of subunit. lf=removed leaf side of main axis. Fig. 11. Partially dissected 
subunit showing flower in a-phyll node, the flower in the P-phyll node and the two flower buds 
at the top. Fig. 12. Terminal flower and single flowered system at top of subunit. Fig. 13. Theoretical 
inflorescence diagram of main axis (x) and some modular axes. All scale bars = 1 mm. 
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Figs 14-21. Fig. 14. Polar view of anauxotelic axis illustrating 2/5 phyllotaxis, the bracts are dissected 
away. Meristems (m) arc enlarging in some of the more proximal bract axils. Fig. 15. Side view of 
anauxotelic axis with axillary meristems developing in bract axUs (bracts removed). Fig. 16. Polar 
view of enlarging tertiary subunit axillary meristem. Fig. 17. Later developmental stage of axillary 
meristem illustrating the initiation of the a-phyll. Fig. 18. Axillary subunit with a-phyll and the 
initiation of the P-phyll. Fig. 19. Enlarging a-phyll on subunit and early expansion of subunit 
meristem. Fig. 20. Initiation of P-phyll (b) from meristem. Fig. 21. Initiation of y-phyll (c) on leaf 
side close to a-phyll site. Scale bars: 14-15 = 50 pm; 16-21 = 25 pm. 
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closer to the top of the main axis or one of the subunit axes, the meristem in the axil 
of the a-phyll tends to be larger and higher (Fig. 23) than in the a-phylls lower on an 
axis (Fig. 22), possibly indicating the transition to a floral meristem (see below). 

The y-phyll is initiated approximately 150 -165° from the p-phyll from the flank of 
the meristem on the subtending leaf side of the axis (Figs 21, 23, 25). Bract initiation 
continues from the inflorescence axis, the 5-phyll being initiated approximately 
135°-140° from the preceding primordium (Fig. 24). The anthotaxis approaches a 2:5 
spiral (Fig. 25) with the initiation of successive bract primordia. Axillary meristems 
develop in the axil of each bract. From each axillary meristem, the pattern of bract 
initiation can repeat the pattern described above (a & b in Fig, 26, E-K in Fig. 66). 

There are variations in the development of axillary meristems among the more distal 
metamers of an inflorescence axis that involve floral organogenesis and morphogenesis. 
The deviations are found primarily among the one- and two-flowered subunits. The 
results of these architecturally significant patterns are discussed in more detail below. 

Flower organogenesis 

There was variation in the position of flowers relative to the subtending bract on the 
principal axis as well as in the enlargement of the axillary meristem. In addition, 
there is variation in patterns of organogenesis in the axillary and terminal flowers. 

A floral meristem enlarges within a bract axil. If there are no other primordia (e.g. 
a-phyll) initiated, the floral meristem becomes tangentially oblate and more highly 
convex (Figs 27, 28) than an inflorescence meristem (Figs 16, 17) . There is variation 
in the shape of the meristem, some being more tangentially oblate (Fig. 29) than 
others (Fig. 27). The first tepal initiated is in a transverse position relative to the 
floral bract followed by the initiation of the second tepal in the opposite transverse 
position (Fig. 27). 

In other cases, when there are a- or P-phylls present, tepal initiation appears to 
follow the established phyllotactic spiral of the subunit. When there is an a-phyll 
only, the first tepal is initiated in the opposite transverse site relative to the a-phyll, 
positionally similar to where a P-phyll would be initiated (Fig. 30). In such cases, 
the second tepal is approximately opposite the first tepal. The third tepal is initiatiated 
in a site 90° from the second tepal (Fig. 30). Similarly, in subunits with an a- and 
p-phyll, the first tepal is initiated in the y-site, thus following the established 
phyllotactic pattern of the subunit. 

Sequential stamen initation is difficult to assess although the pattern appears similar 
to the patterns of tepal initiation. After initiation of the tepals, the floral meristem 
expands (Fig. 31). In flowers that develop from the remaining modular axis with an 
a-phyll and no P-phyll (the terminal flowers of a subunit), the first two stamens are 
initiated in sites opposite the first two initiated tepals (Fig. 32) and the third stamen 
is initiated 90° from the second and first stamen (Fig. 33). In other terminal flowers, 
the pattern of stamen initiation appears to be unidirectional from the subsequent 
site of the last bract primordium (unidirectional from the p-site in Figs. 36, 37). 

In cases where there is no a-phyll, the first two stamens initiated are in transverse 
sites opposite the tepals found in the approximate a- and P-sites (Figs. 34, 35). The 
sagittal stamens are initiated after the lateral stamens (Fig. 35). Each stamen is directly 
opposite a tepal (tepals removed in Fig. 36). In many cases, the sequential initiation 
of stamens is not determinable due to differential enlargement of the floral meristem. 

The stamen primordia appear to enlarge at different rates, presumably in a similar 
pattern to the specific inititiation sequence of the differently positioned flowers. 
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Figs 22-29. Fig. 22. Polar view of subunit axis showing the initiation of the Y-phyll (c) and a meristeni 
enlarging in the axil of the a-phyll. Fig. 23. Polar view of subunit axis showing initiation of y-phyll 
on leaf side of axis and the enlarging meristem in the axil of the a-phyll. Fig. 24. Axillary subunit 
whowing the flat meristeni enlarging in the axil of the a-phyll. Fig. 25. Polar view of developing 
axillary subunit showing the .sec]uential initiation of bracts (a-0 and the 2/5 spiral after the third (c) 
bract or y-phyll. Fig. 26. Enlargement of meristems in bract axUs. Tlie secondary meristem/subunit 
axis in the [J-phyll has initiated an a- and |J-phyll(a, b): (the a-phyll of the principal subunit axis 
is not visible). Fig. 27. Polar view of enlarging floral meristem. Fig. 28. Oblique view of enlarging 
floral meristem. Fig. 29. Polar view of transversely oblate enlarging floral meristem near top of 
subunit axis. Scale bars: 22-23, 27-29 = 25 pm; 24-26 = 50 pm. 
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Figs 30-37. Fig. 30. Lateral view of tepal initiation in a floral meristem with an a-phyll. Fig. 31. Polar 
view of floral meristem after tepal initiation. Fig. 32. Polar view of first two stamens initiating from 
a terminal floral meristem. Fig. 33. Oblique view of terminal floral meristem, the third stamen (S-3) 
has been initiated in a site perpendicular to the first two-stamen primordia. Fig. 34. Initiation of first 
two stamen primordia in transverse positions relative to the subtending bract. Fig. 35. Initiation of 
the two stamen primordia in sagittal positions on single-flowered metamer. Fig. 36. Side view of 
floral meristem showing unidirectional initiation of stamen primordia from a terminal flower of a 
multi-nodate subunit. Fig. 37. Differential enlargement of stamen primordia on a terminal flower of 
a subunit following the sequence of initiation (numbered). Scale bars: 30-37 = 50 pm. 
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Figs 38-45. Fig. 38. Oblique view from removed bract showing differential enlargement of stamen 
primordia on a single flowered unit that follows the pattern of initiation (numbered). The median 
furrow (mf) has begun on the first initiated stamen primordium. Fig. 39. Polar view of floral 
meristem (M) after stamen initiation. Fig. 40. Side view of enlarging floral meristem/early carpel 
(arrow) with one stamen primordium removed illustrating the growth on the side of the largest 
stamen primordium. Fig. 41. Later stage of enlarging floral meristem/carpel primordium. 
Fig. 42. Side view of carpel primordium, the cleft beginning to form (arrow). Fig. 43. Polar view 
of carpel primordium with cleft (arrow). Fig. 44. Oblique side view of carpel primordium, all 
stamens and tepals removed. Fig. 45. Oblique view of incomplete valvate tepal aestivation; only 
two tepal tips converge and come into contact over the other floral organs. The other two tepals 
fit Into the comers formed by the contacting tepals. Scale bars; 38-44 = 50 pm; 45 = 100 pm. 
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In the terminal flowers on a subunit, stamen enlargement appears unidirectional; 
the first stamen primordium is larger than the transverse stamen primordia that in 
turn are larger than the stamen primordium directly opposite the largest stamen 
primordium (Figs 36, 37). In the single flowers that lack an a-phyll, the first stamen 
primordium, in a transverse site, becomes larger than the other three stamen 
primordia (Figs 38-40). The second stamen primordium, approximately 180° from 
the first stamen primordium, is the next largest (Figs. 38, 40). After stamen initiation, 
the remaining floral meristem is flattish and bilaterally shaped in outline (Fig. 39). 

Carpel initiation begins as one portion of the remaining floral meristem begins to 
enlarge, usually the side closest to the largest stamen (Fig. 40). The higher part is the 
dorsal side of the carpel primordium (Figs 41,42). At a carpel height of approximately 
85 pm, the cleft becomes apparent on the ventral side (Figs 43, 44). The early 
development of the carpel is epeltate or conduplicate, with no apparent cross zone. 

Floral morphogenesis 

After initiation, the floral organs begin to differentiate. The tepal margins become 
appressed or valvate and two opposing tepal tips come into contact with one another 
over the other floral organs; the other two opposing tepal tips do not come into 
contact with one another but fit into the corners formed by the other tepals (Fig. 45 
— incomplete valvate aestivation). In bud, the tepal tips are slightly incurved and 
elongate cells differentiate at the tip (Fig. 46). Zonal growth beneath and between 
each tepal and its opposing stamen results in the epitepalous condition when the 
tepals are approximately 400 pm high (Fig. 46). Trichomes develop in the lower half 
or claw of each tepal (Fig. 47), each trichome the product of a single cell. The trichomes 
differentiate and become globose at the distal-most portion before anthesis (Figs. 48, 
49). A pair of bump-like processes develop on each tepal, a single process on each 
side of the tepal distal to the point of tepal-stamen adnation (arrow in Fig. 49). 
Additional bump-like processes dev^elop distal to the first pair of bumps. At anthesis, 
there can be three or four bumps per row (Fig. 50). 

The stamen primordia enlarge and differentiate at different rates. The median furrow 
becomes visible when the stamen primordia are 90 pm high (Figs 38,40). The transverse 
furrows form at a stamen height of approximately 125 pm (Figs 51, 52). The relative 
position of the transverse furrow is introrse compared to the differentiating connective 
(Fig. 52). A small connective appendage distal to the enlarging microsporangia becomes 


Figs 46-54. (right) Fig. 46 . Two dissected away tepals and stamens showing that zonal growth has 
begun between and beneath each tepal/stamen filament (0 complex. A small connt"ctive appendage 
is present on each stamen (cn). Fig. 47. Close up of dorsal surface of tepal and point of tepal/stamen 
adnation showing the initiation and enlargement of the trichomes. Fig. 48. Close up of dorsal surface 
of tepal and point of tepal/stamen adnation showing the enlargement of the trichomes over the 
adnate filament. Fig. 49 . Close up of dorsal surface of tepal and point of tepal/stamen adnation 
before anthesis, showing partially free filament and the mature globose ended trichomes. A bump¬ 
like process (arrow) has developed distal to the point of tepal/stamen adnation. Fig. 50 . Close up of 
dorsal surface of tepal and point of tepal/stamen adnation at anthesis showing three processes on 
each side of the tepal above the point of tepal/stamen adnation. Fig. 51 . Polar view of young flower, 
tepals removed, showing the development of the microsporangia via the presence of the transverse 
fumiws. Fig. 52 . Polar view of enlarging flower, one stamen removed showing the differentiation of 
the stamens and the small connective appendage (cn). Fig 53 . Oblique side view of flower with 
stamen and tepal removed showing the enlarging semi-tubular carpel primordium (G) with the cleft 
extending to the base and the differentiating stamens. Fig. 54 . Removed young stamen/tepal complex 
showing the distinct fused filament (fi) and the initiation of trichomes. Scale bars: 46, 49-50, 
53-54 = 100 pm; 47-48, 51-52 = 50 pm. 
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Figs 55-61. Fig. 55. Oblique ventral view of carpel piimordium, the deft extending to the base. 
Fig. 56. Polar view of partially dissected three flowered subunit. The orientation of the carpel is such 
that the dorsal side of each carpel is faring the subtending bract in the a-phyll (a) and (i-phyll (b) and 
the dorsal side of the carpel in the terminal flower is facing the site where the first tepal is presumed 
to have been initiated (*). Fig. 57. Oblique polar view of partially dissected flower showing the eirlaiging 
carpel (G) and the broadening at tire base. Fig. 58. Oblique side view of differentiating carpel with 
papillae beginning to form at the distal end or stigma (sg) and the broadening of the ovary (o). At the 
base of tire ovary, a stipe is beginning to enlarge (arrow). Fig. 59. Side view of ovary (o) and stipe (sp) 
of preanthesis flower. Fig. 60. Side view of partially dissected immature flower showing the differentiated 
carpel. Fig. 61. The punctate stigma. Scale bars: 55 = 25 pm; 56-61 = 100 pm. 













Douglas, Inflorescence development in Carnarvonia 


765 


apparent as the transverse furrow forms (Figs 52-54). The filament is relatively short 
before zonal growth beneath and between each tepal-stamen complex begins (Fig. 46). 
The distal portion of the filament remams free (Fig. 50). The young anthers are 
approximately equal in size by the time zonal growth commences (Fig. 53). The adaxial 
side of the filament remains distinct on the fused tepal-filament interface (Fig. 54). 
Trichomes develop on the tepal-filament interface after trichome initiation on the 
adaxial side of each tepal (Figs 48,54). The trichomes continue to differentiate, obscuring 
the epitepalous condition of the filament (Fig. 50). At anthesis, the anthers dehisce via 
longitudinal lines along the transverse furrow (Figs 60, 65). 

The carpel primordium enlarges and the cleft reaches the base (epeltate — Fig. 55). 
The orientation of the carpels on the two- and three-flowered subunits appear variable. 
However, as is illustrated in Fig. 56, a three-flowered subunit, the carpel in the axil of 
the a-phyll is aligned with the cleft facing 180° away from the subtending a-phyll; 
the carpel cleft in the flower in the axil of the p-phyll faces away from the (i-phyll; 



Figs 62-65. Fig. 62. Dissected ovary showing the initiation of two ovule primordia from lateral 
positions within the loculus. Fig. 63. Dissected ovary sliowing the initiation and development of the 
outer and inner integuments (oi and ii respectively). The ovules are beginning to arch downwards 
into the loculus. Fig. 64. Mature ovule is hemitropous. Fig. 65. Flower at anthesis showing the lateral 
dehiscene of the antherss and the erect carpel. &ale bars: 62-64 = 50 pm; 65 = 500 pm. 
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and the carpel cleft in the third, terminal flower, with no subtending bract, is facing in 
a position directly opposite where one would have expected to find the y-phyll (* in 
Fig. 56), the dorsal side of the carpel next to the largest stamen that is next to the first 
initiated tepal. In virtually all cases examined, the carpel cleft was facing away from 
the subtending bract or the site where a bract would be predicted (42 other single- 
flowered, two-flowered and three-flowered subunits were investigated). 

Tlie top of the carpel appears tubular or porate at a carpel height of ~ 250 pm 
(Fig. 57). Enlargement of the base of the carpel represents the early morphogenesis 
of the ovary (Fig. 58). At a similar stage, the differentiation of the stigma occurs with 
the differentiation of papillae around the inner surface of the distal pore (Fig. 58). An 
invagination beneath the enlarging ovary represents the early development of a 
stipe (arrow in Fig. 58) at a carpel height of approximately 500 pm. The stipe continues 
to elongate (Fig. 59). The suture line is persistent (Figs 60-61). Papillae continue to 
differentiate on the porate stigmatic area (Fig. 61) and after anthesis when the stigma 
becomes receptive, the papillae are extended (Fig. 65). 

Two ovule primordia are initiated in lateral positions on the placental margins at 
about the same time as stipe elongation (Fig. 62). Tlie outer integument is initiated 
after the inner integument and the young ovules begin to curve downwards into the 
loculus (Fig. 63) attaining a hemitropous condition at anthesis (Fig. 64). 


Discussion 

Inflorescence and floral form 

The mature inflorescence structure is dramatically different from that in other 
members of Proteaceae that are basically racemiform or elaborations of a raceme. 
The inflorescence in taxa of Grevilleoideae appears more complex on account of the 
presence of two flowers or flower pairs in the axil of common bracts along principal 
axes. Nevertheless, the inflorescence structure in Grevilleoideae is racemiform, the 
flower pairs being the product of a developmental modification of first order axillary 
meristems or subunits (Douglas & Tucker 1996a). The inflorescence of Carmrvonia is 
paniculiform in outline, with a decrease in modular branching as one ascends the 
inflorescence, and has terminal flowers on most modular axes, without dichasial 
units or cymes. In Carmrvonia, the inflorescence is a panicle as defined by Rickett 
(1955): 'a loosely branched inflorescence of which the ultimate units may be of 
various types'. However, Briggs & Johnson (1979) called for a more strict definition, 
and restricted the term panicle to anthotelic inflorescences in accord with the usage 
of Troll and Weberling. In the material examined, there is no terminal flower on the 
main axis. In this case, the inflorescence of Carnarvonia is most similar to a 
pleiobotryum in accordance with Troll (1964). Mueller (1867) described the 
inflorescence as 'racemo-paniculate' although a paniculiform raceme would better 
define the basic condition of the inflorescence as an elaboration of a raceme. 

Developmentally, the diverse inflorescence architecture of Carnarvonia is somewhat 
plastic. There are several different developmental pathways of the axillary meristem 
from the point of origin and subsequent development. The simplest model to explain 
the elaboration of the inflorescence is the timing of commitment and differentiation 
events of the axillary meristems and their products within a subunit (Fig, 66). Within 
the axil of a bract from the main axis or a subunit, an axillary meristem enlarges 
(Fig. 66A). As the basic unit of construction, an axillary meristem will produce the 
first two organs in transverse positions in relation to the subtending leaf or the 
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a and P prophylls (in dicots). Depending on the position of the axillary meristem in 
relation to other axillary branches on the main or subunit axis, the meristem can 
become a flower (Fig. 66A'; distal parts of subunits or main axis) or an a-phyll can 
be initiated (Fig. 66B). If an a-phyll is initiated, a meristem develops in its axis and 
the meristem can either senesce (Fig. 66B') or can enlarge, giving rise to a floral or 
subunit meristem (Fig. 66C'-G). These processes, starting with an axillary meristem, 
can be repeated with each successive metamer (arrows to 'A' — Figs 66C-G'). 

The complexity of the inflorescence is not due to the number or arrangement of the 
parts but rather to the degree of reiteration of the developmental pattern at different 
hierarchical levels within the inflorescence. In this sense, the elaboration of the 
inflorescence is the product of differential proliferation of a shared developmental 
pathway within each subunit. The same developmental pathway found in the primary 
axis is present in the secondary, tertiary and higher axes resulting in a hierarchical 
arrangement of complexity. The fate of each axillary meristem is thus the product of 
the competence and extent to which the meristem will repeat the patterns expressed 
at lower hierarchies. In addition, the number of flowers on any one subunit appears 
to be related to the presence or absence of the a-phyll. 

Towards the end of a subunit axis or the primary axis, one, two or three flowers will 
develop, usually all but one of the flowers are in a bract axil. In the case of three 
flowers, one flower is the product of the axillary meristem in the a-phyll and two 
are the product of the subunit axis, one generally developing in the axil of the 
P-phyll. In the case of two flowers, they can be either, 1) the product of the axillary 
meristem in the a-phyll and the transformation of the remaining modular meristem 
or 2) both can be the product of the modular meristem with little or no evidence of 
an a-phyll. In the one-flowered systems, the flower appeared to be the sole product 
of the axillary meristem in the bract axil, although in some, an a-phyll was initiated. 

In most cases, the initiation of the first floral organ followed the previously established 
phyllotactic pattern of the subunit (2/5) although there is a shift in divergence angle 
with successive floral primordia to a 1/4 pattern. In the single flowered systems 
with a subtending bract only, the sequential initiation of tepals is similar to most 
other Proteaceae with the frontal or transverse tepal pair arising first. Weberling 
(1989; Eichler 1875/1878) termed this pattern as 'eprophyllate aestivation'; that is, 
the first two floral organs to develop are positioned as if they were prophylls (two 
in dicots, one in monocots; Weberling 1989). A developmental presumption in 
eprophyllate aestivation patterns is that the position at initiation of the first two 
primordia of a flower is influenced by the position of the preceding organ(s), or that 
the sequential initiation of an organ from a meristem is influenced by the position of 
the preceding organ (Hofmeister in Weberling 1989; Eichler 1875-8; termed 
phyllotactic continuity within a flower by Posluszny 1993). In the case of single 
flowers in bract axils of Carnarvonia and most other Proteaceae, the organ subtending 
the flower appears to influence the subsequent initiation of the first floral organs; 
therefore a more appropriate term would be eprophyllate initiation (Douglas 1994; 
Douglas & Tucker 1996a, b, in press). In taxa with a single flower borne in a leaf axil, 
the first two organs to be initiated are generally in lateral positions, analogous to 
prophylls on a vegetative meristem (e.g. Drimijs lanceolata Tucker 1959; Psenciowintera 
traversii Sampson & Kaplan 1970; Sanguinaria Lehmann & Sattler 1993). Similarly, the 
initiation of the first two floral organs in lateral positions is found in taxa with 
flowers that develop in bract axils on blastotelic inflorescences: (e.g. Papaverales 
Sattler 1973, Karrer 1991; some flowers of Scrophulariaceae Weber 1973; Armstrong 
& Douglas 1989; Liquidambar styraciflua Wisniewski & Bogle 1982; Potamogetonaceae 
Posluszny 1993; also see Douglas and Tucker 1996a for additional examples). 
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Fig. 66. Summary ontogenetic flow diagram of modular construction from the origin of an axillary 
meristem (A) and the options possible at each successive developmental stage. After initiation of 
an axillary meristem, each axillary meristem returns to point A. See text for additional interpretation. 
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A contrasting order of initiation is seen in taxa that have bracteoles (prophyllate 
aestivation semu Weberling, 1989). The first floral organ (or first two floral organs in 
some four-merous taxa) is initiated on the side furthest from the axis and in a plane 
perpendicular to the transverse or frontal plane in numerous Leguminosae (Tucker 
1984, 1987a, 1987b, 1992, Tucker & Stirton 1991); Juglandaceae, Myricaceae, Fagaceae 
(MacDonald 1971; Saltier 1973; Abbe 1974); Arecaceae (Uhl 1988), and Onagraceae 
(Saltier 1973). 

In Carnarvonia, the sequence of initiation of the tepals, particularly the terminal 
flowers of a determinate subunit, appear to be directly influenced by the preexisting 
organs of a subunit. In the cases where there is no observable subtending bract to 
the terminal flower, the first tepal is initiated in a site continuous with the established 
phyllotactic sequence of the subunit. Phyllotactically continuous patterns of perianth 
initiation (phyllotactic continuity) have been found in flowers of anthotelic axes of 
some Ranunculaceae (Wydler 1872), Linaceae (Bravais & Bravais 1837) and 
Alismataceae (Charlton 1973, 1981). 

In Carnarvonia, the carpel is initiated and positioned in a site that is phyllotactically 
continuous with the preceding primordia of the flower. In most proteaceous taxa, 
after stamen initiation, the remaining floral apex enlarges throughout and is fully 
converted to a carpel primordium (Douglas 1994; Douglas & Tucker 1996b, in press). 
In Carnarvonia, the carpel primordium is initiated towards one side, the dorsal side 
of the carpel being next to the first tepal and stamen that were initiated. A long¬ 
standing controversy in flower evolution is whether the single carpel is a terminal or 
lateral structure (Newman 1936a, b; Thompson 1936 a, b; Brooks 1940; Tucker & 
Gifford 1966). Considering the well-supported hypothesis that the carpel is a leaf 
homologue (Goethe 1790; although see Meeuse 1963, 1965, 1966 for an alternate 
opinion), one would expect to find vestigial evidence of the floral residuum in 
single-carpellate taxa, particularly if the carpel is a lateral organ (Newman 1936a,b). 
Apical residuum in unicarpellate flowers is rare and is not present in Carnarvonia. 
The phyllotactic continuity of the flower organs through the carpel stage can be 
considered a general developmental condition where the sites of sequential initiation 
of primordia from the meristem perseveres. Deviations from a pattern of phyllotactic 
continuity can be considered a developmentally derived condition. 

Architectural/physiological constraints 

The mature inflorescence architecture is loosely constrained in Carnarvonia, although 
from a developmental perspective at the level of the axillary meristem and its 
products, the inflorescence architecture is conserved. In most plant systems, it has 
been hypothesized that there are canalised ontogenetic events that maintain a taxon 
specific morphology or architecture (conservation of organization, Waddington 1962). 
It has also been hypothesized that in an ontogenetic pathway, alterations in early 
ontogeny result in the macroevolutionary differences among taxa. On the other hand, 
changes that occur later in an ontogeny tend to be significant to microevolutionary 
patterns of morphological differences among taxa (Tucker 1984,1988). Unfortunately, 
most of the studies of developmental canalization and ontogenetic constraint models 
focus on features in the flowers and not the inflorescences. 

Conservation of organization is apparent in inflorescence architectures among taxa, 
particularly when one considers the fact that an inflorescence is the reproductive 
equivalent of a branching system as proposed by Linnaeus (1751; Rickett 1944) and as 
a branching system, it is made up of metamers that combine to define a module or 
subunit (White 1979,1984). Barlow (1989) defines a hierarchical basis of morphological 
organization, each hierarchy of which combines its individual elements to make up 
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the next hierarchical level (cells > meristems > metamers > modules > organ 
system > plant). Metamers are composed of four elements (node, internode, leaf and 
a^llary meristem) and the sum of metamers from a single meristem make up a module. 
Considering that selection can differently effect individual organs or elements within 
organs (Guerrant 1988), it is plausible to hypothesize that variation and selection as 
well as developmental and phylogenetic canalisation can occur at different levels 
within the metamer or even the subunit in inflorescences. In Carnarvonia it can be 
hypothesized that there is a level of canalisation of a subunit starting with the first 
three metamers. The first metamer does not have an elongate internode, the second 
metamer does have an elongate internode and the third bract primordium, based on 
developmental evidence, is positionally out of line with the predicted phyllotactic 
position of the bract primordium (160° as opposed to 100°-120"). The deviation in 
position of the third primordium of the third metamer is most likely a result of a 
timing (heterochronic) and/or spatial (heterotopic) shift between the initiation of the 
first and third primordium or possibly as a result of precoccious differentiation of the 
internode of the second metamer. 

Diversity of inflorescence architecture is the product of developmental shifts in timing 
and positions of various ontogenetic processes starting with the products and patterns 
of apical meristems (Grimes 1992). It has been hypothesized that physiological 
mechanisms inherent in a plant's architecture are affected at the level of axillary and 
apical meristems (White 1979, 1984; Grimes 1992) and that the duration and extent 
of growth of the meristem (that produces metamers or plant-units) is taxonomically 
constrained as well as ecologically influenced; conservation of form among taxa is 
the result. Under such a metameric concept, the inflorescence architecture of a plant 
is a product of conserved genetic and physiological mechanisms inherent in the 
plant or more specifically, shoot, as well as the product of historically imposed 
phylogenetic constraints (Cheverud et al. 1983, Janson 1992). 

There is a progressive acropetal reduction of flower numbers and branching patterns 
along the inflorescence. The variation of branching and/or flower numbers at 
levels along the inflorescence could be a function of the ontogenetic contingency of 
axillary meristems or in other words, the developmental fate of a primordium 
depends upon where and when it is produced within the architecture of the 
organism and what events have preceded it during ontogeny (Diggle 1995). In 
such a case, there is a shift in physiological and morphological products of the 
axillary meristems along the developing principal axes. An ontogenetic contingency 
as outlined above would necessarily involve a physiological or possibly an 
epigenetic feedback system (Sundberg et al. 1995). The variation in products of 
axillary meristems could be a result of resource availability or be based on a 
physiological cue to commit the axillary meristems to flower production given 
their position and size at a specific time. Both have been hypothesized in various 
plant systems. Mullins (1980) demonstrated that the inception of inflorescence 
meristems in Vitis can be induced with the presence of specific plant growth 
substances at specific times in development. In Carnarvonia, evidence for a 
physiological cue comes from the fact that subunits and inflorescences tend to 
develop synchronously on an individual and that there is a distinct difference in 
the shape of a meristem that will give rise to 'inflorescence' subunits/metamers 
(flat, less concave) compared to a meristem that will become a flower (higher and 
more concave). Physiological hypotheses have been proposed for the amplification 
of row numbers in Maize and putative relatives (Sundberg & Doebley 1990; 
Sundberg et al. 1995) and in the origin of the flower pairs in the proteaceous 
subfamily Grevilleoideae (Douglas 1994, Douglas & Tucker 1996a). 
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Phylogenetic affinities 

The inflorescence architectures of different proteaceous taxa are valuable in defining 
taxonomic groups and specific architectures appear to be generically conserved in 
most cases. Proteaceous taxa with compound racemiform inflorescences plus variable 
flower numbers on ascending branches include Symphionema and Conospermum of 
Proteoideae. The developmental events leading to the inflorescence of Carnarvonia 
are valuable in understanding the evolution of reproductive structures in Proteaceae. 

It can be hypothesized that the inflorescence structure in Carnarvonia is a novel state 
derived from the single-flowered condition found in the inflorescences of Proteoideae, 
Persoonioideae and Sphalmioideae compared to the two-flowered condition in 
Grevilleoideae. In all single-flowered systems, the flower develops as a product of 
the axillary meristem and no prophylls are present (Douglas 1994, unpub.; Douglas 
& Tucker 1996a,b, in press). In fact, the first two tepals to be initiated are in transverse 
positions analagous to the a- and [i-phyll sites. In Grevilleoideae, an axillary meristem 
enlarges in the axil of a common bract on the main axis. The meristem becomes 
transversely oblate and two floral bracts are initiated, one on each side. Within the 
axil of each of the floral bracts, a floral meristem will enlarge (the pattern of tepal 
initiation being identical to flowers of the other subfamilies) and the apical residuum 
of the short-shoot axis differentiates and senesces. There is no differential elongation 
of subtending internodes between the two flowers and likewise there are no terminal 
flowers in Grevilleoideae examined (Douglas 1994; Douglas & Tucker, 1996a). It has 
been hypothesized that the flower-pairs in Grevilleoideae are either the product of 
reduction of secondary inflorescence branches to two flowers or the product of a 
constrained amplification of first-order axillary meristems to two flowers (Douglas 
& Tucker 1996a). 

Carnarvonia is the sister taxon to Grevilleoideae in Johnson & Briggs's (1975) 
phylogeny. Carnarvonia was excluded from Grevilleoideae based on several features 
including the fact that the inflorescence of Carnarvonia does not have the flower-pair 
condition (Johnson & Briggs 1975). As the sister-taxon to Grevilleoideae, there is an 
implied morphological transformation hypothesis of reduction to the flower-pair 
condition from a Carnarz>onia-\ike inflorescence architecture and/or the diversification 
of inflorescence architecture from a similar developmental program in each lineage, 
one branch leading to Cariiarvonia the other to Grevilleoideae. To attain the flower- 
pair condition from a Carnarvonia inflorescence there could be a change in 
developmental timing and growth between the initiation of the first two metamers 
of a subunit and a loss of the ability of the terminal portion of a subunit meristem 
to develop into a flower. The fact that in Carnarvonia there is differential enlargement 
of axes, and the presence of a terminal flower on each subunit, the first tepal of 
which is initiated in a site consistent with the phyllotactic pattern of the subunit 
before moving to a 1/4 pattern suggests that the inflorescence form is possibly 
derived from a single-flowered system as has been hypothesized for Grevilleoideae 
(Johnson & Briggs 1975; Douglas & Tucker 1996a). 

Venkata Rao (1971) and Engler (1889) classified Carnarvonia as a member of 
Grevilleoideae. Under this hypothesis, the Carnarvonia inflorescence would be derived 
from amplification of the flower paired condition. Developmentally, this 
transformation could result from an amplification of the primary axillary meristems, 
perhaps a proliferation of the axillary meristem via a delay in the commitment of 
flowering and the production of terminal flowers on each subunit, the latter of 
which is unique in the family. Morphologically, the hypothesis that Carnarvonia is 
derived from within Grevilleoideae seems unlikely given the synorganised floral 
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systems in the latter. All Grevilleoideae (except Neorites) have a morphological and 
anatomical modification of the style-end that is termed a pollen-presenter because it 
holds and displays the dehisced pollen from the anthers. There are several 
developmental and morphological features in the flowers associated with the pollen- 
presentation systems in Grevilleoideae including lobes around the upper portion of 
the filament that clutch the basal portion of the pollen-presenter, differential cell 
enlargement and growth in the style and a highly synorganized tepal-stamen-carpel 
enlargement process (Douglas, unpub.). It is evident from developmental studies of 
other grevilleoid taxa that the pollen-presentation systems have become increasingly 
elaborate and involve numerous facets of a flower and its development, thus the 
synorganization has increased. Given the interdependence of floral organs 
developmentally, structurally and functionally in highly synorganized flowers 
(Endress 1990,1994) it seems unlikely that a pollen-presenter and all of the associated 
floral features could be lost. Although loss of a pollen-presenter system is possible, 
it seems dubious based on the various developmental processes involved in other 
parts of the flower among Grevilleoideae. A phylogenetic analysis of the family is 
necessary however before Venkata Rao's (1971) hypothesis can be entirely dismissed. 
There are two other possibilities concerning the origin of the Carmrvonia inflorescence; 
one being the amplification of a single flowered system as found in non-grevilleoid 
taxa via the delay of commitment to flowering of axillary meristems or that the 
Carnarvonia inflorescence is a plesiomorphic condition for Proteaceae derived from a 
common ancestor that had an anthotelic or blastotelic panicle. 

Developmental studies here illustrate that there are several unique features to the 
genus not found in other Proteaceae (as well as those characters cited in Johnson & 
Briggs 1975), hence providing little support for allying the taxon with any one 
proteaceous group. In a phylogenetic analysis of the family (Douglas in prep), 
Carnarvonia is in a basal position within the family or as a basal branch leading to 
Persoonioideae/Proteoideae, but the branch length of Carnarvonia is invariably long 
relative to other branches and hence there is a bit of topological plasticity. Until a 
thorough phylogenetic analysis has been undertaken, the combination of apparently 
autapomorphic features and plesiomorphic and homoplastic features (sensu Johnson 
& Briggs 1975) within Carnarvonia are interpreted here to imply a long time isolation 
from other Proteaceae and perhaps the opinion that it occupies a basal position 
relative to extant taxa is justifiable. 
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Abstract 

Bernhardt, Peter & YJcston, Peter H. (Dept, of Biology, St. Louis University, St. Louis, Missouri, U.S.A. 
63103; National Herbarium of Neiv South Wales, Royal Botanic Gardens, Sydney, NSW, Australia 2000) 
1996. The pollination ecology of Persoonia (Proteaceae) in eastern Australia. Telopea 6(4): 775-804. 
Twenty Persoonia spp. and two interspecific hybrids (P. acerosa x P, levis, P. microphylla x P. mollis) 
native to eastern Australia were examined. Although these radially symmetrical flowers appear to 
have a tubular perianth each tepai is hinged at its base and opens outwardly when depressed by 
an insect at least 6 mm long. These species show an aestival-autumnal flowering peak and four, 
differing, floral scents were recognised. Persoonia pinifolia and P. subvelulina produce nectar that is 
sucrose dominant. Twenty two insect taxa were collected on the flowers but field observations 
and the analyses of pollen loads carried by insects suggested that Persoonia is pollinated primarily 
by bees. Specifically, the most consistent pollen vectors were native Leioproctus species (Colletidae; 
subgenus Cladocerapis) and Exoneura species (Anthophoridae). Pollen load analyses showed that 
both Exoneura and Leioproctus spp. also foraged on the flowers of Myrtaceae and other co-blooming 
taxa. The deposition of Persoonia pollen on these bees was both dorsal and ventral as their contact 
with anthers was both active and passive. Female bees in subgenus Cladocerapis usually carried 
heavier loads of pollen than males, which appeared to forage for nectar exclusively. 

Leioproctus (Cladocerapis) spp. observed on P. glaucescens, P. lanceolata and P. mollis showed 
stereotyped modes of pollen collection confirming observations first made by Rodd as cited by 
Payment (1950). At two sites, 28% of the bees collected carried the pollen of more than one 
Persoonia species. The high frequency of first generation hybrids between Persoonia species is 
explained, in part, by a combination of overlapping distributions, flowering periods and pollinators. 


Introduction 

Most of the literature on the pollination ecology of Australasian Proteaceae has been 
produced within the last twenty years. Consequently, when the monumental review 
of the family by Johnson and Briggs (1975) is re-read today, the section entitled 
'Inflorescences and Pollination', seems rather speculative. 

Johnson and Briggs' records of vertebrate pollinators came primarily from anecdotal 
references or from the colour photos of wildlife photographers. Papers referring to 
the foraging of Australian bees on the flowers of the Proteaceae were still scattered 
through the entomological literature and would not be compiled and cross-referenced 
until Armstrong (1979). 

Today, the study of the floral biology of Australasian Proteaceae has become important 
to the science of pollination ecology for two reasons. First, many taxa are such dependable 
and copious producers of nectar that it is relatively easy to quantify the calorific content 
of individual flowers and/or whole inflorescences (Paton 1985). Since much of the 
nectar produced by these taxa is consumed by passerine birds and loriid parrots, 
bird/flower interactions provide one of the most visible model systems to test theories 
of optimal foraging theory and resource allocation (Pyke & Waser 1981; Pyke 1982). 

The movement of vertebrates through the habitat is relatively easier to see and track 
compared to most insects. No wonder recent, comparative studies of pollination 
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systems within the Proteaceae have favoured bird or mammal-pollinated taxa. For 
example, Collins and Rebelo (1987) add new information on functional morphology 
and floral behaviour of Proteaceae in Australia and southern Africa. However, they 
concentrate on vertebrate-pollinated genera and remark that information on 
entomophilous systems remains 'rudimentary'. 

Second, Sussman and Raven (1978) offered a novel interpretation of the wiry 
protostigmas found in most genera in the Proteaceae. They suggested that there had 
been an early association between angiosperm flowers and small, wingless mammals. 
The tough, curved style served both as a pollen presenter and as a 'rung' for a 
climbing mammal. Arboreal rodents and marsupials in Australia do feed on the 
nectar and pollen of native Proteaceae (Turner 1982). However, their role as agents 
of cross-pollination remains controversial since Hopper and Burbidge (1982) accuse 
these mammals of consuming or grooming away pollen deposits in fur and whiskers 
before it is transferred to the stigma of a second genotype. There has been additional 
evidence that large bats (Megachiroptera) may also pollinate some Banksia spp. (Law 
1994) as first predicted by Johnson and Briggs (1975). However, research directed 
exclusively towards vertebrate pollination of Australasian Proteaceae will always 
result in a biased and incomplete interpretation of floral evolution of this family. 

If pollination by vertebrates is an ancestral feature of the Proteaceae why do so 
many rainforest relicts (e.g. Placosperiuum, Eidothea, Carnarvonia, Sphalmium, Neoritcs, 
Cardwellia, Buckinghamia, Opisthiolepis, Floydia, Musgravea) lack the full suite of 
reproductive characters associated with vertebrate-pollination? In fact, pollination 
by birds or wingless mammals has been recorded far more frequently in the Proteaceae 
of sclerophyllous woodlands and shrublands (Hopper and Burbidge 1982, 1986; 
Paton 1986; Turner 1982; Collins and Rebelo 1987). Similarly, why do most basal 
lineages in the Proteaceae, such as the Persoonioideae, Bellendenoideae, 
Carnarvonioideae, Sphalmioideae, Eidotheoideae and the tribe Conospermeae 
(Proteoideae) lack the suite of characters associated with vertebrate pollination? 

Based on patterns of character distribution in the Proteaceae, Johnson and Briggs 
(1975) inferred that the family was primitively entomophilous and restricted to closed, 
mesothermic forests. Evolutionary shifts to vertebrate pollination and to xeric habitats 
was inferred to be a secondary and often recurrent process. Primitive occurrence in 
rainforests has been supported, in part, by the fossil evidence (Truswell 1990). 

The genus Persoonia would appear to be the most logical choice to help close the 
information gap on the role of insects in floral evolution within the Proteaceae. 
Comparatively few Persoonia species occur in rainforests; most are shrubs or small 
trees of sclerophyll woodlands and shrublands. Consequently, many Persoonia species 
form far denser and more readily accessible populations (see Weston 1991, 1994; 
Weston and Johnson 1991) than those rainforest relicts listed above. 

Of greater importance, Persoonia belongs to the Persoonioideae, the only subfamily that 
completely lacks proteoid roots and thus is likely to be one of the most basal lineages in 
the family. The Persoonioideae also shows no evidence of protostigma development 
considered synapomorphic in at least three different lineages that include most of the 
genera in the family. Persoonia may then provide a model system for understanding 
evolutionary trends in the functional morphology of the flowers of Proteaceae. 

Bees in the long-tongue families Anthophoridae (Allodapitla, Amegilla, Exonettra), 
Apidae (Apis, Trigona) and Megachilidae {Chalicodoma, Megachile) have been reported 
to collect nectar and/or pollen on Persoonia species (Armstrong 1979). Pollination 
mechanisms in Persoonia were first addressed by two amateur entomologists in a 
little known paper (Payment 1950). Payment described three new species of short- 
tongue bees in the genus Cladocerapis (now Leioproctus subgenus Cladocerapis) including 
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correspondence from Norman Rodd concerning the unusual mode of pollen foraging 
by these bees on Persoonia mollis. Rodd deposited a voucher specimen (NSW 21325) 
from one of the shrubs visited by Leioproctns bees. It has since been identified as 
P. mollis subsp. ledifolia as cited by Krauss & Johnson (1991). 

Rodd described how these members of the Colletidae landed on the recurved tepals, 
and then pushed both their front legs down the longitudinal slit on each side of an 
anther, scooping out pollen. The pollen retained in the claws of each front leg was 
then transferred to the collection hairs on the back legs. Rayment (1950) also included 
a detailed, pen and ink illustration showing how the smooth clypeus of the bee 
slides down against the central style while the bee inserts its tongue between the 
tepal and the ovary stalk to probe for nectar secreted by four receptacular glands. 
Rodd excavated the bees' burrows for Rayment and noted that the pollen loaves or 
'puddings' made by Cladocerapis bees smelled strongly of Persoonia flowers. 

Unfortunately, many of Rayment's publications have since been discredited by 
contemporary entomologists, so his field observations and microscopy must be 
repeated and rechecked. However, while other entomologists have studied bees that 
forage on Persoonia species (Maynard 1992,1994,1995), they have never determined 
which bee species are true pollinators, nectar thieves or pollen scavengers. In fact, 
Rayment (1950) provides the only written record and illustration of Persoonia pollen 
removed from the body of a few bees belonging to the same genus. 

Maynard (1992, 1994) suggested that two subgenera in Leioproctns (Cladocerapis and 
Filiglossa), are oligolectic (sensu Michener 1979) on Persoonia. However, Maynard (1992) 
also reported that some Leioproctns spp. in subgenus Cladocerapis were also captured 
on flowers of Leptospermnm sp., Lomatia silaifolia and Claoxylon australis. This suggests 
that not all species in subgenus Cladocerapis forage exclusively on Persoonia. 

Establishing which animals are responsible for the majority of successful pollinations 
in Persoonia is important for two reasons. Firstly, artificial pollinations and allozyme 
electrophoresis by Krauss (1994a, 1994b) have shown that the Persoonia mollis complex 
is dominated by outcrossing genotypes. Self-pollination rarely results in successful 
seedset. Small sample sizes suggest that the successful pollination of one genotype by 
a second was usually no greater than the distance between immediate neighbours 
(Krauss 1994a, 1994b). Therefore, it is possible that pollen dispersal within the P. mollis 
complex is clumped or leptokurtic (sensn Richards 1986). 

Second, in eastern Australia Persoonia species show an unusually high level of FI 
hybrids (Weston 1991; Table 1). Therefore, fieldwork on the pollination ecology of 
sympatric species also helps assess degrees of weakness in different, prezygotic 
barriers to interspecific isolation. 


Materials and methods 

Study sites 

Wild populations of 20 species of Persoonia (Table 2) and two hybrid plants were studied 
at 17 different sites. Detailed descriptions of those localities are listed in the appendix. 

Recording data on reproductive features 

To record the floral phenology of each taxon in this study, the month of collection of 
each flowering specimen held at NSW was recorded. Multiple collections of the same 
taxon made by the same collector on the same day were recorded as a single datum. 
The resulting data were tabulated as the frequency of flowering records for each 
month for each taxon. 
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Table 1. Pair-wise matrix showing inferred natural hybridisation and intergradation between all 
Persoonia species in New South Wales and Victoria; s indicates that two species are sympatric over 
part of their distributions and that no putative hybrids have been collected; h indicates that two 
species are sympatric over part of their distributions and that putative hybrids have been collected; 
I indicates that two species have parapatric distributions and intergrade with one another. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 14 

15 

16 

1 acerosa 

X 
















2 acuminata 


X 















3 adenantha 



X 














4 arborea 




X 













5 asperula 





X 












6 bargoensis 






X 











1 brevifolia 







X 










8 chamaepeuce 


s 



h 



X 









9 chamaepitys 

s 








X 








10 confertiflora 





s 



h 


X 







11 conjuncta 











X 






12 cornifolia 








s 




X 





13 curvifolia 













X 




14 cuspidifera 














X 


15 daphnoides 












s 



X 


16 fastigiata 












h 




X 

17 glaucescens 

s 















18 hirsuta 

s 





s 











19 isophylla 

















20 juniperina 










s 







21 katerae 

















22 lanceolata 

s 
















23 laurina 

s 

s 



s 

s 


s 

s 








24 laxa 

















25 levis 

h 








s 

s 







26 linearis 

h 




s 

s 



s 

s 

h 


h 




21 marginata 

















28 media 


s 









i 






29 micraphylla 

















30 mollis 

s 








s 








31 myrtilloides 

h 








s 








32 nutans 

















33 oblongata 









s 








34 oleoldes 












h 



s 


35 oxycoccoides 

















36 pinifolia 

















37 procumbens 












s 




s 

38 recedens 

s 








s 








39 rig Ida 








s 


s 







40 rufa 

















41 sericea 








s 




h 

h 

h 

s 


42 silvatica 





s 


s 

s 









43 stradbrokensis 



i 








i 






44 subvelutina 








s 


s 







45 tenulfolia 















s 


46 terminalis 

















47 virgata 



s 














48 volcanica 
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17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

17 glaucescens 

X 
















18 hirsuta 

s 

X 















19 isophylla 


s 

X 














20 juniperina 




X 













21 katerae 





X 












22 lanceolata 
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s 
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X 











23 laurina 
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s 
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s 

X 










24 laxa 


s 

s 
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s 

X 









25 levis 

s 

s 

s 

s 

s 

h 

s 

h 

X 








26 linearis 

s 

s 

s 

s 


h 

s 

s 

h 

X 







27 marginata 










s 

X 






28 media 










h 


X 





29 m icrophylla 







s 



s 



X 




30 mollis 

s 

s 




s 

s 


h 

h 



h 

X 



31 myrtilloides 







s 


h 

h 




s 

X 


32 nutans 


s 





s 


s 

s 






X 

33 oblongata 


s 





s 


s 

s 




s 



34 oleoides 










h 


h 





35 oxycoccoides 







s 


h 

s 




s 



36 pinifolia 
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s 

s 

s 

s 

h 




s 



37 procumbens 

















38 recedens 







s 


s 






h 


39 rigida 
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s 

s 






40 rufa 

















41 sericea 










h 







42 silvatica 









s 

s 







43 stradbrokensis 






h 



h 








44 subvelutina 
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46 terminalis 
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s 
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48 volcanica 
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Table 2. Flowering phenology of Persoonia species from which bees were collected for this study; 
each entry is the number of flowering specimens collected during a calendar month, held by 
NSW; sets of multiple collections made at the same site on the same day were each treated as 
a single record. 


Feb Mar Apr May Jun Jul Aug Sep 

6552---- 

- 2 - - 1 - - - 

15 4 - 1 - - 1 - 


acerosa 

arborea 

asperula 

chamaepeuce 

chamaepitys 

glaucescens 

isophylla 

lanceolata 

laurina subsp. laurina 
levis 

microphylla 
mollis 
myrtilloldes 
subsp. myrtilloldes 
nutans 
oblongata 
oxycoccoides 
pinifolia 
silvatica 
subvelutina 
virgata 


Oct Nov Dec Jan 

- - 1 9 

- - - 6 

1 - 6 25 

- 6 11 2 

- - - 2 

- - 1 1 

2-24 
15 9 3 

2 5 8 2 

- - 4 1 

2 1 8 18 

- - 10 9 

- 1 7 4 

- - - 2 

- - 3 5 

- - 3 8 

1 1 4 11 

- - - 3 

1 1 3 11 


4 1-1 

2 3 3 - 
8 7 6 5 
1 1 - - 

3 3 12 
1 1 - - 
21 21 12 9 

4 2 11 
- 1 1 - 
4 3 2 1 
111- 

6 3 11 
1 - - - 

7 1 - - 
3 3 14 


1 

3 - 2 - 

- - - 2 

4 5 4 3 

2 3-1 

1 _ _ _ 

1 - - - 

2 2 - - 


1 - 1 - 


For each taxon in this study, one tepal (plus its attached stamen) was removed from 
most, or all, of the flowering specimens held at NSW. Care was taken not to sample 
from multiple duplicates of a single collection. The tepal/stamens were rehydrated 
by soaking in distilled water overnight, which effectively restored their fresh, three- 
dimensional form. For each tepal/stamen, the length of the floral tube was measured 
under lOx magnification, using an eyepiece micrometer fitted to a stereo dissecting 
microscope. The length of the floral tube was defined as the linear distance between 
the base of the staminal filament (where it is adnate to its tepal) and the point at 
which the stamen becomes free from its tepal (at, or slightly above or below, the base 
of the anther). In most species, this is the point at which the tepal starts to recurve, 
thus losing coherence with the adjacent tepals. Measurements were scored by taxon 
and summary statistics (sample size, mean, range, standard deviation) calculated. 

Sampling floral odour follows Bernhardt (1995) and Buchmann et al. (1978). Fresh 
flowers were placed in clean, glass vials and sealed for 15 minutes, 30 minutes, 
45 minutes, one hour and two hours. The vials were placed in a warm, sunny 
location, then reopened and smelled. To determine possible sites of scent glands 
(osmophoric activity) whole flowers of seven species were submerged in a 1 % solution 
of Neutral Red for two to 24 hours, then washed in distilled water for two hours. 
Living flowers of P. cornifolia (living collections number 973375) and P. katerae (living 
collections number 877128) used for scent tests came from shrubs grown at the 
Mount Annan Botanic Garden and the Royal Botanic Gardens, Sydney, repectively. 
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Nectar samples were collected by bagging individual flowers or whole inflorescences 
in situ overnight. The following morning each flower was probed with a ten lambda 
microcapillary tube. Since no flower produced as much as 10 microlitres of nectar, 
samples represent combined measurements from several flowers on the same shrub or 
several shrubs of the same species. Once ten microlitres was obtained the contents of 
the tube was deposited on Whatman's Filter Paper No.l. The contents were air dried, 
labelled and stored in a paper envelope and mailed to C.E. Freeman (Dept, of Biological 
Sciences, University of Texas, El Paso) to identify component sugars and record their 
relative proportions. 


Analyses of foraging insects 

Observation of prospective pollinators and analyses of the pollen they carried followed 
Bernhardt (1984, 1995). The behaviour of insects on Persoonia flowers was recorded 
from 9 am until 4:30 pm. Insects were collected only if they were observed probing for 
nectar or actively collecting pollen. Insects were killed in jars containing fumes of 
ethyl acetate. Insects caught on different Persoonia species were always killed in separate 
jars. Jars were cleaned after each collecting trip to avoid contamination upon reuse. 
To analyse pollen carried by insects, each insect was placed on a clean glass slide and 
'bathed' in a couple of drops of 100% ethanol. When the ethanol evaporated, the 
residue remaining on the slide was mounted in two or three drops of Calberla's fluid 
(Ogden et al. 1974). Identification of pollen was made under light microscopy. However, 
since more than one insect was killed in the same jar, some pollen contamination of 
insect bodies was possible. Therefore, a pollen taxon was not recorded as present on 
an insect unless more than 25 individual monads or 25 individual polyads (e.g. of 
Epacridaceae) could be counted under each cover slip (see Bernhardt 1984, 1995). 

Light microscopy showed that, as under SEM (Feuer 1986), pollen grains of different 
Persoonia species may be identified using a combination of characters including the 
physical size of the grain, the length and angle of pollen lobes, the inflation of pore 
opercula, density of tectum scabs and the frequency of tetraporate grains and/or 
irregular lobes. While these characters intergrade broadly between many species it is 
possible to discriminate between the pollen of up to three, co-blooming, sympatric 
Persoonia species carried on the same insect and washed onto the same slide. 

The length of each insect specimen was measured from its labrum to the apex of its 
abdomen. The insect was pinned, labelled to cross-reference with its pollen slide and 
sent to Dr K. Walker (National Museum of Victoria, Abbotsford) for identification. 


Results 

Floral phenology 

Herbarium records indicated that there are likely to be some populations within the 
genus Persoonia in bloom each month of the year within New South Wales. However, 
flowering is greatest from December through April (Table 2). Interspecific overlap of 
flowering periods was found for each Persoonia species. 

The flowering of a few species, such as P. laurina and P. chamaepitys was found to 
peak between late spring and early summer. Collections were few but the flowering 
of montane and subalpine P. subveliitina and P. arborea appeared confined to late 
summer. Flowering on a stem is acropetal to subacropetal in all species studied. 
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Floral presentation 

Upon expansion of the perianth, the flowers of most Persoonia species are held 
suberect (45 degrees) to horizontal in relation to the axis of the branch supporting 
the inflorescence. The flowers of P. microphylla, P. mi/rtilloides, P. nutans and P. oblongata 
nod on dangling pedicels less than 180 degrees to the axis. 

The presentation of the tepals varies within the genus Persoonia. Some species produce 
a zygomorphic perianth but most are actinomorphic (Weston 1994). All eastern 
Australian species in this study have actinomorphic perianths with tepals forming a 
radially symmetrical tube or vase around the stalked ovary. The base of each tepal is 
a short, thin, flexible hinge (Fig. 1). In most species the tepals constrict to clasp the 
gynoecium. Since the anthers are fused to the tepals they form a secondary tube 
around the protruding style (Fig. 1). Therefore, less than a third of the style is usually 
visible in whole living flowers, as it is covered by the tepals and occluded further by 
the angled lower halves of the anthers (Fig. 1). In P. arborea and P. cbainaepiti/s the 
tepals are not constricted so both the entire style and top of the ovary are visible to the 
viewer over the floral lifespan (Table 3). 

Tepal length varies between species, producing tubes of different lengths and shapes 
(Fig. 2; Table 3). In P. arborea, for example, the tube is long, may curve and tends to 
constrict at its base, becoming trumpet-like or funnel-shaped (Fig. 2). In contrast, the 
tube of P. pinifolia expands at its base forming a bulbous pouch (Fig. 1). In P. levis the 
tube is so reduced it grades abruptly into a pot or pouch (Fig. 2). Persoonia arborea, 
P. chamaepitys, P. silvatica and P. subvelutina were the only species sampled that produce 
floral tubes greater than 4 mm long (Table 3). There was no correlation between tube 
length, topography or altitude. 


Table 3. Floral tube length (mm) for each species of Persoonia from 
this study, compiled from herbarium specimens held at NSW. 


Taxon 

acerosa 

arborea 

asperuia 

chamaepeuce 

chamaepitys 

glaucescens 

isophylla 

lanceolate 

laurina subsp. laurina 
levis 

microphylla 

mollis 

myrtllloldes subsp. myrtllloides 

nutans 

oblongata 

oxycoccoldes 

pinifolia 

silvatica 

subvelutina 

virgata 


n 

mean 

range 

22 

3.53 

2.5-4.4 

4 

9,33 

8.0-10.3 

7 

2.67 

2.1-3.1 

42 

3.00 

2.2-4.3 

17 

7.15 

4.0-12.5 

10 

4.09 

3.4-4.9 

11 

2.46 

2.1-2.9 

38 

3.58 

2.6-4.5 

19 

4.96 

3.9-6.3 

24 

4.12 

3.0-5.3 

5 

2.56 

2.2-3.3 

93 

3.31 

2.4-4.5 

16 

3.34 

2,7-3.8 

17 

2.82 

2.3-3,6 

12 

3.65 

3 3-4.0 

10 

2.37 

1.9-2.7 

23 

3.47 

2.9-4.2 

20 

4.16 

2.6-5.0 

8 

5.34 

m 

1 

23 

2.57 

1.9-3.7 


which bees were collected for 


S.D. 

ovary exposed? 

0.50 

no 

0.84 

yes 

0.31 

no 

0.50 

no 

2.85 

yes 

0.55 

no 

0,22 

no 

0.49 

no 

0.69 

no 

0.53 

no 

0.40 

no 

0.44 

no 

0.36 

no 

0.38 

no 

0.30 

no 

0.29 

no 

0.35 

no 

0.67 

no 

0.70 

no 

0.38 

no 
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Floral attractants 

The tepals of all species observed are yellowish (old ivory) to yellowish orange in 
colour to the human eye. Dull amber or rusty tones are due to the darker-coloured, 
simple trichomes on the tepals. Persoonia arborea, P. laurina, P. siibvelulina and P. silvatica 
have glossy, white anthers. In all other taxa examined the anthers are yellowish to the 
human eye often turning a dried mustard colour with age. The tepals of P. glaucescens 
were observed to change from a deep apricot to a light, straw yellow as the individual 
flowers age. The yellow tepals of P. lanceolata become progressively paler with age. 



Fig. 1. Flower of Persoonia pinifolia. A, whole flower with anther bases clasping the style; 
B, tepal removed showing the interior of the nectar chamber; C, coalescence of tepal and stamen 
(scale = 2 mm), an = anther; bh = basal hinge; fi = filament; fr = floral receptacle; nc = nectar 
chamber; ne = nectary; op = gynophore; ov = ovary; st = stigma; sy = style. 
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The Neutral Red Test indicated that the flowers of seven species stain positively for 
the presence of osmophoric activity (Table 4). The floral sites showing the most 
consistent pattern of staining for all seven species were the stigmas, nectar glands 
and anthers. In P. levis and P. oxycoccoides the wrinkled margins of the tepal lobes 
also stained deeply. In four species the trichomes on the outsides of the tepals 
showed a strong response to the stain (Table 4). The staining of floral organs with 
Neutral Red varied between P. mollis subspecies. 

Flowers sampled on their branches and flowers kept in sealed vials showed four, 
overlapping scent types. A vanilla-musky scent was produced by P. silvatica and 
P. subvelutina. This is such a strong odour that it is still recognisable several metres 
away from the flowering shrub. The intensity of the odour does not become noticeably 



Fig. 2. Variation in the length and shape of the perianth tube. A, persoonia arborea; B, persoonia levis 
(scale = 5 mm). 
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stronger or different upon bottling for less than 30 minutes. The scent is reminiscent 
of vanilla extract with undertones of commercial musk colognes. The floral odour of 
these two species is surprisingly similar to many of the neotropical, day-flowering 
orchids in the genus Encyclia (e.g. E. cordigera). 

The floral-yeasty scent of P. mollis and P. pinifolia is far weaker to the human nose 
when sampled in situ, producing a faint but pleasantly honey-like perfume 
reminiscent of Boronia, Plumeria or Narcissus flowers. Once bottled, these sweet floral 
odours become more pronounced within 30 minutes, but a yeast-like undertone can 
also be discerned. Persoonia glaucescens and P. isophylla also produce these weak 
scents but after bottling they seem closer to the vanilla-musk scent described above. 

The fruity scent of P. lanceolata and P. oxycoccoides is also weak to the human nose 
when sampled in situ. Upon bottling the concentrated odour is similar to ripe, 
commercial bananas or cherries. 

The 'green' smell of P. katerae and P. cornifolia is not discernible in situ and only 
becomes apparent 20-30 minutes after bottling. At that time the concentrated odour 
is reminiscent of freshly chopped, green beans or unripe tomatoes. 

If flowers of all the above species are bottled for 60 minutes or more, their original 
odour degrades into the green smell. 


Nectar 

Field examinations and lab dissections showed that nectar droplets are secreted by 
each of the four receptacular nectaries surrounding the gynoecium and flanking each 
of the four tepals (Fig. 1). Nectar droplets cling to the large nectaries or adhere to the 
smooth bases of the inner surfaces of the tepals when secretions are particularly copious. 
Nectar is usually retained in a restricted chamber formed by the base of the perianth, 
floral receptacle and ovary stalk. Access to the chamber is blocked by the ovary, which 
forms a roof, and by the degree of constriction of the tepals and anther bases (Fig. 1). 
Flowering branches bagged overnight contained nectar the following morning. Less 
than one microlitre of nectar could be removed from each individual flower of any 
species at any time, with the exception of P. silvatica and P. subvelutina. Bagged overnight, 
individual flowers of these two species produced a maximum of five microlitres of 
nectar. The sugar analyses of the nectar of P. subvelutina was 93.1% sucrose, 3.8% 
glucose and 3.1% fructose. P. pinifolia was 97.9% sucrose, 1.2% glucose and 0.9% fructose. 


Table 4. Scent descriptions of Persoonia spp. and results of Neutral Red tests. 


TAXON 

scent type 

Stig 

nect 

ant 

tep 

tepm 

trc 

cornifolia 

green smell 

++ 

++ 

++ 

+ 

+ 

++ 

isophylla 

sweet-yeasty 

+ 

++ 

++ 

+ 

+ 

+- 

katerae 

green smell 

+ 

++ 

+ 

+- 

+- 

+ 

levis 

green smell 

++ 

++ 

++ 

+ 

. ++ 

++ 

mollis subsp. ledifolia 

sweet-yeasty 

++ 

++ 

++ 

- 

+ 

++ 

mollis subsp, nectens 

sweet-yeasty 

+ 

++ 

++ 

+- 

+- 

+ 

oxycoccoides 

fruity 

++ 

++ 

++ 

+ 

++ 

NA 

pinifolia 

sweet-yeasty 

++ 

++ 

+ 

+- 

+~ 

++ 

* stig = stigma; nect = 

nectary; ant = anther; tep = 

glabrous 

inner surface of the tepal; tepm 

= tepal 


margins; trc = trichomes on the outer surface of the tepal and along the tepal margins; NA = not 


applicable — the flowers of this species are glabrous. 
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Forager diversity, density and gender 

A collection of 531 foraging insects was made on tlie flowers of 19 Persoonia species and 
the hybrid P. acerosa x P. levis. Tine collection contained one beetle genus, four wasp taxa 
and 11 bee genera representing five families (Table 5). Of the five families of bees the 
Colletidae and Halictidae are classified as short-tongue bees, due to the reduced length of 
the glossa (Michener 1979). Bees were the dominant foragers, comprising almost 99% of 
the collection. AU bee taxa collected, excluding Apis luellifera, were Australian native taxa. 

Bees in the genus Leioproctus (subgenus Cladocerapis; Colletidae) were collected on 17 
of the 20 Persoonia species and on the hybrid P. acerosa x P. levis (Table 5). These bees 
made up over 47% of the total catch. Male and female bees in this subgenus were 
collected while they probed Persoonia flowers for nectar. Five of the nine species 
described in this subgenus in eastern Australia (Maynard 1992) were identified. The 
most commonly collected species in subgenus Cladocerapis was L. speculiferns which 
was collected on 12 Persoonia species. Leioproctus hipectinatiis was collected least 
often and was confined to the Nerriga site (Table 5 and Appendix). 

All bees collected on Persoonia flowers, with the exception of Leioproctus and Noinia 
species, were females. Specimens of Apis mellifera and Trigona belonged to the worker 
caste. Collections of males of Nomia and Leioproctus species on Persoonia flowers 
never exceeded collections of females although the ratio of male to female L. rai/menti 
was 0.50 (and see Table 7). 

Similarities between the diversity and density of floral foragers on different Persoonia 
species were greatest when Persoonia species shared the same site and an overlapping 
floral phenology. For example, foragers were sampled three times at the Hilltop site. 
Leioproctus carinatifrons, L. incanescens and L. speculiferns were the dominant native 
foragers on each of three Persoonia species (Tables 5 and 7). Bees in subgenus 
Cladocerapis comprised 91% of the total catch at the Hilltop site. 

Floral foragers collected on P. mollis and P. microphi/lla at the Nerriga site represent 
only a single sampling. In both species, though, Leioproctus incanescens was the 
dominant forager. Nerriga was the only site at which the uncommon L. hipectinatiis 
was collected and it was found on both Persoonia species (Table 5 and see above). 

Persoonia pinifolia and P. isophylla are treated as sister species (Weston & Johnson 
1991) but these two taxa were sampled at three, separate sites where only one species 
was present. Flowers of the P. pinifolia population were sampled for floral foragers 
five times over two seasons. The P. isophplla sites were each sampled three times in 
one season. The majority of native bees foraging on P. pinifolia belonged to long 
tongue families Anthophoridae, Megachilidae and Apidae. Only 7% of the 
Hymenoptera collected on P. pinifolia were colletids in Leioproctus subgenus 
Cladocerapis (L. sp., L. incanescens, L. raymenti and L. speculiferns) (Table 5). 

In contrast, Leioproctus (Cladocerapis) speculiferns was the dominant forager on P. isopln/lla, 
comprising over 40% of the total catch. With the exception of the naturalised Apis 
mellifera (Apidae), long-tongue foragers were not captured on the flowers of P. isophylla. 
Instead, the short-tongue Nomia species (Halictidae) were more common (Table 5). 

Pollen load analyses 

The Zonitis beetle and most of the wasps collected on Persoonia flowers did not carry 
Persoonia pollen (Table 5). Hylaeus bees foraged for pollen on Persoonia anthers by 
swallowing grains so deposition of Persoonia pollen on the bee's body was usually 
negligible. Apis mellifera and Trigona carbonaria were the only insects observed to 
mould Persoonia pollen into smooth, nectar-dampened pellets to be carried on the 
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corbiculae of the hind legs. All other female bees that carried significant loads of 
Persoonia pollen were observed to transfer pollen to scopal hairs on the hind legs 
and/or ventral hairs at the base of the abdomen (Fig. 3). 

Male Leioproctus species {Cladocerapis and Filiglossa) also carried loads of Persoonia 
pollen on their bodies (Table 7). Pollen was deposited randomly on the head and 
thorax since males lack scopae and were never observed foraging actively on the 
anthers (see below). With the exception of males of Leioproctus raymenti, females of 
four Leioproctus species carried proportionately heavier loads of Persoonia pollen. 

Almost 80% of all insects captured on the flowers of Persoonia species carried 
significant loads of Persoonia pollen. The number of insects carrying pure loads of 
Persoonia pollen was 55% higher than the number of insects caught carrying Persoonia 
pollen mixed with the pollen of one, or more, co-blooming taxa (Table 5). Analyses 
of 142 bees carrying mixed loads showed that seven pollen types, other than Persoonia, 
could be recognised (Fig. 4, 5; Table 9). Acacia polyads were the only taxa that could 
be recognised as coming from flowers lacking functional floral nectaries (Bernhardt 
1989). Of these seven recognisable types the pollen of Myrtaceae was most often 
found on bees carrying mixed loads (Table 9). Mixed loads of pollen were common 
on female Leioproctus (Cladocerapis) species although this subgenus has been regarded 
as oligolectic (Maynard 1992 and 1994). 

Of the 424 bees found to carry Persoonia pollen, 4.7% were detected carrying the 
pollen of more than one Persoonia species in the same pollen load. Specifically, each 
bee recorded as carrying more than one Persoonia species carried more than 25 grains 
of each Persoonia species. At the two sites in which interspecific foraging by bees was 
recorded, 28% of the bees examined carried the pollen of more than one Persoonia 
species (Table 8). 

Foraging behaviour and contact with the stigma 

The mode of nectar collection by different bee taxa correlated with body lengths. 
Both bees and wasps with bodies greater than 6 mm long first landed on the anthers 
or tepal apices. The insect then depressed one or two tepals and inserted its head 
and thorax down the floral tube to probe within the nectar chamber (Table 6). 

Depression of the tepals could occur in two ways. In most cases the bee or wasp 
depressed the tepal while its head faced the style. In fewer cases we observed that 
the insect would cling to the style or anthers with its legs and then push its head up 
under the tepal so its eyes faced the tepal and not the style. This second mode of 
entering the floral tube was observed most often when bees foraged on Persoonia 
species with nodding flowers. 

Bees less than 6 mm long did not or could not depress the tepals (Table 6). Homalictus 
species, Hylaeus species and Trigona carbonaria were observed to collect pollen after 
grasping individual anthers. They were not observed to either enter the floral tube or 
attempt to rob nectar by puncturing the base of the nectar chamber. These bees were so 
small that they did not usually contact the Persoonia stigma while foraging for pollen. 

Leioproctus species in subgenus Filiglossa have much elongated maxillary and labial 
palps with long, stiff, segmented hairs ornamenting the apices of the maxillary 
galeae (Fig. 6; Maynard 1994). Females were observed to forage actively on anthers 
for pollen, retaining grains in their scopal hairs. Females were also observed inserting 
their filiform mouthparts between tepals at the apex of the 'closed' floral tube (cf. 
Maynard 1995). Females were not observed to contact the stigmas regularly while 
'fishing for nectar' in this manner as the bee's body was usually shorter than the 
protruding tip of the anthers. Males observed foraging on P. silvatica inserted their 
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Table 5. Pollen load analyses of insect foragers collected on Persoonia species. 

number of number of 

insects carrying insects carrying 

number of pollen of this pollen of other number of 

insects carrying Persoonia + other spp. only insects 

pollen of this spp. (including (including other carrying 

Plant and insect taxon Persoonia only other Persoonia) Persoonia) no pollen 


P. acerosa x P. levis 

Leioproctus raymenti 

0 

4 

0 

0 

P. arborea 

Callomelitta sp. 

0 

0 

1 

0 

Exoneura spp. 

1 

2 

0 

0 

Leioproctus {Rliglossa) davisi 

1 

0 

5 

10 

Nomia sp. 

1 

0 

0 

0 

subtotals 

3 

2 

6 

10 

P. asperula 

Leioproctus {Filiglossa) sp. 

0 

0 

0 

1 

L. speculiferus 

2 

1 

0 

0 

subtotals 

2 

1 

0 

1 

P. chamaepitys 

Chalicodoma sp. 

0 

0 

1 

0 

Eumenid wasp 

0 

0 

1 

0 

Hylaeus sp. 

0 

0 

0 

1 

Leiopnxtus raymenti 

0 

1 

0 

0 

subtotals 

0 

1 

2 

1 

P. chamaepeuce 

Leioproctus (Filiglossa) sp. 

1 

0 

0 

2 

P. glaucescens 

Apis mellifera 

1 

0 

0 

0 

Callomelitta sp. 

0 

0 

1 

0 

Exoneura sp. 

0 

0 

0 

1 

Leioproaus carinatifrons 

7 

0 

0 

0 

L. incanescens 

7 

2 

0 

0 

L. speculiferus 

4 

1 

0 

0 

subtotals 

19 

3 

1 

1 

P. isophylla 

Apis mellifera 

6 

0 

0 

1 

Hylaeus sp. 

0 

0 

0 

1 

Lasioglossum brazieri 

0 

1 

0 

0 

Leioproctus (Filiglossa) sp. 

0 

0 

0 

1 

L. speculiferus 

12 

0 

0 

1 

Nomia spp. 

2 

1 

0 

1 

Sphedd wasps 

2 

0 

1 

1 

subtotals 

22 

2 

1 

6 

P. lanceolate 

Exoneura sp. 

1 

0 

0 

1 

Leioproctus (Filiglossa) sp. 

2 

0 

0 

2 

L. carinatifrons 

4 

1 

0 

0 

L incanescens 

3 

3 

0 

0 

L. speculiferus 

4 

7 

0 

0 

subtotals 

14 

11 

0 

3 

P. laurina 

Leioproctus 
(Ctadocerapis) sp. 

0 

1 

0 

0 

P. levis 

Leioproctus carinatifrons 

0 

1 

0 

0 

P. mollis 

Coleoptera 

Zonitis 

0 

0 

0 

1 

Hymenoptera 

Amegilla spp. 

0 

0 

0 

3 

Apis mellifera 

5 

6 

0 

0 

Chalicodoma spp. 

1 

2 

0 

2 

Exoneura spp. 

9 

3 

0 

2 
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Plant and insect taxon 


number of 
insects carrying 
pollen of this 
Persoonia only 


number of 
insects carrying 
pollen of this 
Persoonia + other 
spp. (including 
other Persoonia) 


number of 
insects carrying 
pollen of other 
spp. only 
(including other 
Persoonia) 


P. mollis (continued) 

Homalictus urbanus 0 1 

Lasioglossum repraesentans 0 0 

Leioproctus (Oadocerapis) sp. 0 0 

L. bipectinatus 0 1 

L carinatifrons 3 1 

L. incanescens 11 15 

L. speculiferus 11 16 

L. (Filiglossa) sp. 1 0 

Nomia spp. 1 1 

Ichneumonid wasp 0 1 

subtotals 42 47 


P. microphylla 
Amegilla sp. 

Apis mellifera 
Leioproctus bipectinatus 
L. incanescens 
L speculiferus 
subtotals 

P. myrtiiloides subsp. myrtilloides 
Exoneura spp. 

Hylaeus spp. 

Homalictus holochorus 
Leioproaus (Oadocerapis) sp. 

L. carinatifrons 
L. raymenti 
L. speculiferus 
Odyneurus sp. 

Trigona carbonaria 
subtotals 


P. nutans 

Chalicodoma spp. 

0 

3 

Leioproctus (Oadocerapis) sp. 

0 

2 

L. incanescens 

0 

2 

subtotals 

0 

1 

P. oblongata 

Apis mellifera 

0 

2 

Homalictus urbanus 

0 

0 

Lasioglossum instabilis 

0 

0 

Leioproctus raymenti 

0 

0 

Trigona carbonaria 

4 

1 

subtotals 

4 

3 

P. oxycoccoides 

Apis mellifera 

1 

0 

Exoneura spp. 

0 

3 

Leioproaus speculiferus 

1 

0 

subtotals 

2 

3 

P. pinifolia 

Apis mellifera 

12 

4 

Chalicodoma spp. 

0 

3 

Exoneura spp. 

13 

6 

Leioproaus (Parasphecodes) sp. 

0 

1 

L. (Filiglossa) spp. 

10 

1 

L. (Oadocerapis) sp. 

0 

0 

L. incanescens 

0 

1 

L. raymenti 

1 

0 

L. speculiferus 

5 

0 

Trigona carbonaria 

25 

3 

Sphecid wasp 

0 

0 

subtotals 

66 

19 


0 

0 

0 

1 

3 

6 

2 

0 

1 

13 


6 

0 

0 

2 

0 

0 

2 

1 

0 

11 


0 

1 

0 

0 

0 

0 

3 

0 

7 

0 

11 


0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

1 

0 

0 

1 


1 

0 

1 

2 


0 

0 

1 

0 

0 

1 


0 

0 

0 

0 


1 

2 

0 

0 

0 

0 

0 

0 

0 

1 

0 

4 


number of 
insects 
carrying 
no polien 

0 

0 

1 

0 

0 

0 

1 

0 

1 

0 

11 


0 

0 

0 

0 

0 

0 


0 

1 

1 

1 

0 

1 

0 

0 

0 

4 


0 

0 

1 

1 


0 

1 

0 

1 

1 

3 


0 

0 

0 

0 


0 

0 

9 
0 
4 
1 
0 
0 
0 

10 
1 

25 
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Table 5 (continued). Pollen load analyses of insect foragers collected on Persoonia species. 


Plant and insect taxon 

number of 
insects carrying 
pollen of this 
Persoonia only 

number of 
insects carrying 
pollen of this 
Persoonia + other 
spp. (including 
other Persoonia) 

number of 
insects carrying 
pollen of other 
spp. only 
(including other 
Persoonia) 

number of 
insects 
carrying 
no pollen 

P. subvelutina 

Callomelitta sp. 

0 

1 

0 

0 

Chalicodoma sp. 

0 

1 

0 

0 

Exoneura spp. 

3 

3 

0 

0 

Leioproctus (Filiglossa) sp. 

1 

0 

0 

0 

L. speculiferus 

4 

2 

0 

0 

subtotals 

8 

7 

0 

0 

P. silvatica 

Leioproctus (Cadocerapis) sp. 

1 

0 

0 

0 

L {Filiglossa) spp. 

5 

4 

0 

0 

L. incanescens 

0 

1 

0 

0 

L. speculiferus 

8 

12 

0 

0 

subtotals 

14 

17 

0 

0 

P. virgata 

Amegilla sp. 

1 

0 

0 

0 

Apis mellifera 

5 

2 

0 

0 

Exoneura spp. 

1 

0 

1 

1 

Homaiictus urbanus 

0 

0 

0 

1 

Hylaeus spp. 

1 

0 

0 

7 

Leioproaus incanescens 

1 

0 

0 

0 

L. speculiferus 

48 

0 

0 

0 

Trigona carbonaria 

1 

0 

0 

0 

subtotals 

58 

2 

1 

9 

grand totals 

276 

148 

30 

77 

foraging ratios 

0.520 

0.279 

0.056 

0.145 


Total Number of Foraging Insects = 531 



Fig. 3. Pollen of Persoonia mollis subsp. livens in ventral hairs of a female Leioproctus incanescens, x 509. 
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mouthparts between tepal seams towards the base of the nectar chamber. However, 
as males in the subgenus Filiglossa were observed to actually avoid Persoonia anthers 
they were not significant carriers of Persoonia pollen (Tables 5 and 7). 



Fig. 4. Branched scopal hair of a female Leioproctiis speculiferus carrying pollen of Persoonia silvatica 
(large triangles) and Eucalyptus spp (small triangles), x 178. 



Fig. 5. Section of a mixed load of pollen taken from a female Leioproctiis carinatifrons collected on 
the flower of P. mollis subsp. nectens. A, polyad of Acacia spp; B, pollen of Banksia; C, pollen of 
Persoonia mollis, x 297. 
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Table 6. Comparative sizes and foraging behaviours of insects on Persoonia species. 


Insect taxon 

Bees 

Anthophoridae 

n 

mean length 
(mm) 

active pollen 
collector 

depresses 

tepals 

Amegilla spp. 

6 

12.5 

- 

+ 

Exoneura spp. 

43 

6.3 

+- 

+- 

Apidae 

Apis mellifera 

51 

13.6 

+ 

+ 

Trigona carbonaria 

47 

4.5 

+ 

- 

Colletidae 

Callomelina spp. 

3 

9.0 

+ 

+ 

Hylaeus spp. 

Leioproctus {Cladocerapis) 

11 

5.0 

+ 

- 

L. bipectinatus 

3 

10.5 

+ 

+ 

L. carinatifrons 

13 

10.4 

+ 

+ 

L incanescens 

43 

10.5 

+ 

+ 

L. raymenti 

7 

9.8 

+ 

+ 

L speculiferus 

75 

9.8 

+ 

+ 

unidentified Cladocerapis 
Leioproctus {Filiglossa) 

9 

9.0 

+ 

+ 

L. davisi 

17 

NM 

+ 

- 

unidentified Filiglossa 

34 

5.3 

+ 

- 

Halictidae 

Homalictus holochorus 

1 

6.0 

+ 

- 

Homallctus urbanus 
Lasloglossum (Chilallctus) 

1 

4.0 

- 

- 

L. brazier! 

1 

10.0 

+ 

+ 

L. instabilis 

1 

8.0 

+ 

+ 

L. repraesentens 

Lasioglossum (Parasphecodes) 

1 

8.0 

— 

+ 

Lasioglossum sp. 

1 

11.0 

+ 

+ 

Nomia spp. 

15 

8.6 

+- 

+ 

Megachilidae 

Chalicodoma spp. 

13 

11.0 

- 

+ 

Wasps 

Ichneumonid sp. 

1 

13.0 

- 

+ 

Eumenid sp. 

1 

10.0 

- 

+ 

Odyneurus sp. 

1 

15.0 

- 

+ 

Sphecid spp. 

3 

9.6 

- 

+ 

Coleoptera 

Zonitis sp. 

1 

12.0 

- 

- 


* Length combines males and females but columns on behaviour refer to females exclusively. 
NM Not measured but estimated < 7 mm. 


Bernhardt & Weston, The pollination ecology of Persoonia 


793 


Amcgilla, Chalicodoma and the larger wasp taxa were observed to depress the tepals 
and probe for nectar. They were not observed foraging on anthers or making active 
collections of pollen (Tables 5 & 6). 

Apis iiidlifera, Exoneura species and Leioprocfus (Cladocerapis) species were the only 
larger bees collected on Persoonia flowers that were regularly observed both to contact 
stigmas while foraging and to carry significant loads of Persoonia pollen (Tables 5, 6, 
8, 9). Depositions of Persoonia pollen on these insects was the result of active and 
passive collection. Females in all three bee taxa were observed removing pollen from 
dehiscent anthers. All three taxa continued to contact the anthers and stigmas while 
depressing tepals to probe for nectar. Although these bees were the only common 
and consistent pollinators of Persoonia species, they also comprised over 83% of the 
142 insects found to carry the pollen of Persoonia spp. mixed with the pollen of at 
least nine other pollen types (Table 9). 

Workers of Apis mellifera and females of Exoneura species scraped Persooriia anthers 
with their forelegs, depositing pollen in their corbiculae or scopae respectively. 
Although males of Leioproctus (Cladocerapis) species were never observed to forage 
actively on Persoonia anthers, their bodies did contact the anthers when they depressed 
the tepals to probe for nectar (Table 6). 

Females of Leioproctus carinatifrons, L. incanescens and L. speculiferus (Cladocerapis) 
showed the same stereotyped mode of floral foraging on P. lanceolata, P. mollis and 
P. glaucescens at the Hilltop site (cf. Maynard 1995). Typically, the bee landed on a 
flower, depressed a tepal, inserted its body halfway down the floral tube and probed 
for nectar. The head of a Cladocerapis bee contacted the style of the Persoonia flower 
and appeared to slide down the style as the bee pushed itself down the floral tube. 


Table 7. Comparative loads of Persoonia pollen carried by Leioproctus species of different genders. 


Bee taxon and gender 

Leioproctus (Cladocerapis) 

L. bipectinatus 

males 

females 

L. carinatifrons 

males 

females 

L. incanescens 

males 

females 

L. raymenti 

males 

females 

L. speculiferus 

males 

females 

Leioproctus (Filiglossa) 

males 

females 


0-24 


Number of Persoonia Grains Carried 
25-50 50-100 


> 100 


3 

12 


2 

53 


4 

10 


11 

99 


8 

11 


0 

16 
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After removing its body from the floral tube the bee reversed its position and clasped 
the single anther fused to the tepal it had first depressed. The bee then inserted the 
clawed tip of the tarsus of each foreleg into the apices of each longitudinal slit on 
opposite lobes of the same anther. Tire bee depressed its body forcing each pair of claws 
to slide down the full length of each longitudinal slit until they reached the base. The 
two claws that tip each tarsus expanded, raking pollen from the interior of each slit. The 
bee then retracted each tarsus (the claws now filled with pollen) and transferred the 
pollen to the second pair of legs. The second pair then transferred the pollen to the 
scopal hairs on the liind legs and ventral portion of the abdomen (cf. Maynard 1995). 

In the majority of cases observed, after the bee collected pollen from one anther it 
would repeat the same nectar and pollen foraging behaviour by selecting a second. 



Fig. 6. Female of Leioproctus fUamentosa. A, whole insect showing scopal bmshes on hind 
legs (scale = 2.5 mm); B, head in lateral and frontal views, showing elongated mouthparts 
(scale = 1 mm). 
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third or fourth tepal on the same flower. Less frequently, it would fly to another 
flower or leave the site. In each case observ'ed the bee always depressed the tepal 
and probed for nectar before harvesting pollen from the tepal's anther. 

Variations on this mode of behaviour were observed at all sites in which female 
Leioproctus {Cladocerapis) species were common foragers. However, it was only at the 
Hilltop site that we observed that a Cladocerapis female would regularly depress all 
four of the tepals and rake pollen from each of the four anthers on the same flower. 
It contacted the stigma in two ways while foraging on the same flower. First, the 
bee's thorax and abdomen made dorsal contact with the stigma while foraging for 
nectar. Second, the thorax and abdomen made ventral contact with the stigma when 
the bee extricated herself from the floral tube and reversed herself to confront the 
anther. This movement provided the stigma with direct contact with the pollen 
laden, scopal hairs on the third pair of legs and with the 'apron' of hairs clothing the 
base of the underside of the abdomen. 

While bees in subgenus Cladocerapis and Exoneura species were the dominant pollinators 
of most Persoonia species they were too small to follow consistently from plant to plant 
within the study site. We did observe at the Big Badja Hill, Carrington Falls, Gungulla 
(Waterfall), Hilltop, Mt Tomah, Peats Ridge and Tianjara Falls sites that these two bee 
taxa would leave the flowers of one Persoonia shrub to visit those of its nearest 
neighbour. This occurred most often when the branches of different shrubs overlapped. 


Discussion 

Bees and wasps appear to be the major foragers on the flowers of Persoonia species 
native to eastern Australia. Taxa representing five out of the seven families of bees 
recorded in Australia (sensu Michener & Houston 1991) were collected on 19 of the 20 
species and one of the two hybrids in this study. However, only 23% of the insect taxa 
collected on Persoonia were both frequent visitors and consistent pollen vectors 
contacting dehiscent anthers and receptive stigmas while foraging for pollen and/or 
nectar. Field observations, insect collections and pollen load analyses indicate that 
only four or five out of the 26 taxa of Hymenoptera may be regarded currently as 
common or important pollinators of Persoonia species. This includes Exoneura species, 
perhaps three out of five Leioproctus (Cladocerapis) species and, possibly, the introduced 
honeybee (Apis mellifera). 

The role of the naturalised, A. mellifera, as a cross-pollinator of Persoonia is difficult 
to interpret. Workers forage actively for Persoonia pollen and the body of the insect 
contacts the Persoonia stigma during pollen harvest or nectar consumption. However, 
as A. mellifera collects pollen it moistens grains with nectar and transfers them to 
corbiculae on the hindlegs moulding them into damp pellets. The sugar in the nectar 
will cause the grains to hydrate early so they will lose viability in transfer. The 
dense, claylike consistency of a corbicular pellet does not lend the compacted grains 
to easy transfer to a stigma particularly when they are now so compressed and then 
propped up on the hind tibia away from the lower, stigmatic surface. In contrast, 
female bees in the Anthophoridae, Halictidae and genus, Leioproctus, all carry their 
pollen loose in granular masses between hair tufts ornamenting the hindlegs and 
underside of the abdomen (Bernhardt 1984, 1989, 1995, Michener 1974). These bees 
may transfer Persoonia more easily when they scrape or rub the basal portion of their 
hindlegs or abdomens against the stigma while searching for nectar or dehiscent 
anthers. The effectiveness of naturalised, A. mellifera, as a pollinator of Persoonia 
would appear to depend on the quantity of grains that adhere to the bee's head and 
thorax but miss the combing process and transfer to the corbiculae. 
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The flowers of Persoania species in south-eastern Australia do not really appear to be 
examples of generalist melittophily as have been described, for example, in Australian 
Acacia species (Bernhardt 1989). That is, while many taxa within the Hymenoptera 
forage on the flowers of Persoonia in eastern Australia comparatively few visit the 
flowers frequently enough, and/or carry loads of Persoonia pollen directly to stigmas, 
to be regarded as primary agents of cross-pollination. In contrast, almost every bee 
(representing 27 taxa in four bee families) can collect pollen from the simple, brushlike, 
inflorescences of an Acacia species and then contact stigmas when it visits florets on 
a second inflorescence bearing receptive stigmas (Bernhardt 1989). 

The way in which Leioproctus (Cladoccrapis) species harvest pollen from Persoonia 
anthers is atypical but the actual act of cross-pollination in Persoonia species appears 
similar to many other bee-pollinated angiosperms offering both nectar and pollen as 
edible rewards. That is, the pollination of Persoonia flowers appears to depend 
ultimately on whether bees contact both anthers and stigmas regularly while foraging 
actively for nectar and/or pollen (Barth 1985; Kearns and Inouye 1993). 

Although the perianth appears superficially tubular in all Persoonia species studied 
the floral architecture really functions more like a gullet flower. The functional 


Table 8. Analyses of loads containing the pollen of four Persoonia spp. from bees collected at 
the Hilltop (P. mollis subsp. nectens, P. glaucescens and P. lanceolata) and Nerriga (P mollis 
subsp. livens) sites. 


Bee taxon and Persoonia sp. 

Bees carrying pollen 

Bees carrying pollen 

on which bee was caught 

of two Persoonia spp. 

of one Persoonia sp. 

P. mollis subsp. livens 

Apis mellifera 

0 

1 

Exoneura sp.* 

1 

1 

Leioproctus speculiferus* 

2 

1 

subtotals 

ratio of mixed foraging = 0.5 

3 

3 

P. mollis subsp. nectens 

Homalictus urbanus 

0 

1 

Leioproctus carinatifrons 

1 

3 

L. incanescens 

0 

5 

L. speculiferus 

4 

2 

L. (Filiglossa) sp. 

0 

1 

subtotals 

ratio of mixed foraging = 0.29 

5 

12 

P. glaucescens 

Apis mellifera 

1 

0 

Leioproctus carinatifrons 

3 

4 

L. incanescens 

2 

7 

L. speculiferus 

3 

2 

subtotals 

ratio of mixed foraging = 0.31 

9 

13 

P. lanceolata 

Exoneura sp. 

0 

1 

Leioproctus carinatifrons 

1 

4 

L. incanescens 

1 

5 

L. speculiferus 

1 

10 

L. (Filiglossa) spp. 

0 

2 

subtotals 

ratio of mixed foraging = 0.11 

3 

22 

grand total 
grand ratio = 0.28 

* Bees carried pollen of P. microphylla 

20 

50 
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morphology of the perianth of a Persoonia flower resembles that of bilaterally 
symmetrical flowers of Lamiaceae and Scrophulariaceae where insects must depress 
the outer lobes of the corolla to gain access to nectar concealed at the base of a floral 
throat or spur (Faegri and van der Fiji 1979; Barth 1985). Therefore, a short-tongue 
colletid exceeding 9 mm appears to be as efficient a vector of Persoonia pollen as a 
long-tongue anthophorid with a mean body length of 7 mm or less. Both forage 
actively for pollen. Both are sufficiently dexterous, heavy and long enough to depress 
the tepals and then gather nectar from the base of the flower. 

Consequently, floral presentation in Persoonia must exclude as dependable pollinators 
most of the smallest bees such as Trigona carbonaria and Leioproctiis (Filiglossa) species. 
Their mouthparts reach the nectar chamber of most Persoonia species and contact the 
anthers while foraging. However, the bodies of these insects are too small to regularly 
contact the stigmas while foraging for pollen and/or nectar, despite their high density 
and repeated visitations of flowers in some Persoonia populations. Cross-pollination 
by Trigona may be confounded further by the presence of corbiculae and pollen 
pellets as described, above, in A. mellifera (Michener 1974). 

On the other hand, while an increase in physical size ensures a native insect's access 
to the nectar chamber, encouraging passive contact with the stigma, it does not 
guarantee that the same insect will always transport loads of Persoonia pollen. 
Although Amegilla, Chalicodoma species, and some wasps are longer than Exoneiira 
and Leioproctiis {Cladocerapis) species by 3-4 mm, they appear to be inferior pollen 
vectors. These larger native hymenopterans contact stigmas while depressing the 
tepals but they were not observed to forage actively for pollen on Persoonia anthers. 
Their pollen load analyses showed they acquire little pollen while collecting nectar. 

Therefore, while tube length varies greatly between Persoonia species of eastern Australia 
there is little evidence of a correlation between the physical length of the floral tube 
and the body length or tongue length of its true pollinators. Based on measurements 
of the three to four, native taxa of common pollen vectors the differing lengths of floral 
tubes betw'een Persoonia species does not appear to have encouraged the segregation 
of different pollinator species to different Persoonia species in eastern Australia. Since 
access to nectar is based on the physical strength and foraging behaviour of the bee a 
correlation between the actual length of the hinged tepals Persoonia species and the 
length of their pollinators' probosces should not be anticipated. 

Perhaps both the sheer length and/or degree of constriction of the tepals around the 
nectar chamber helps to restrict the loss of nectar reserves to smaller thieves. Filiglossa 
and Trigona species have long mouthparts for their small size. Directional selection 
may have favoured increased tepal length where nectar thieves occur at higher 
densities. For example, the flower of Persoonia arborea has the longest floral tube and 
its exposed ovary forms a cap over the narrowed, nectar chamber. Persoonia arborea 
grows in an area where it is visited by swarms of Leioproctiis {Filiglossa) davisi 
(K. Walker, personal communication). These bees don't contact the flower's stigma 
and are shown to be poor, pollen vectors in this study. In Persoonia pinifolia the long 
tepals appear tightly wrapped around the style above the pouched, nectar chamber. 
Trigona carbonaria is the most commonly collected and observed visitor on flowers of 
the P. pinifolia population in this study. 

This is the first study to compare the pollen carrying capacity of male and female bees. 
While most males in the subgenus Cladocerapis fail to carry heavier loads than females, 
85% of these males carry from 25 to >100 grains of Persoonia pollen although none 
forage actively for pollen. Cladocerapis males then are actually superior vectors of 
Persoonia pollen than nectar foraging females of Amegilla and Chalicodoma species. This 
also suggests that, at certain sites, Cladocerapis males are probably far more important 
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as pollinators of Persoonia species than female, pollen-foraging, Halictidae (Lasioglossiim 
and Nomia species) because collections suggested that the density of pollen laden, 
Cladocerapis males was appreciably higher than halictid females. Active pollen collection 
by some halictids was inferior to passive collection by some Cladocerapis males since 
only 40% of female Nomia bees carried significant loads of Persoonia pollen. 

The evolution of Leioproctiis species dependent on floral rewards produced by 
Persoonia flowers has resulted in two quite different foraging syndromes. Within 
subgenus Cladocerapis, larger body size, reduction of facial hairs, and an unusual 
mode of pollen collection by females contribute to mutual benefits for both the bees 
and the Persoonia flowers they pollinate. 

In direct contrast, body size is reduced, mouthparts are much elongated or 
ornamented with long hairs and foraging behaviour encourages basal probing of the 
nectar chamber in subgenus Filiglossa. This form of floral parasitism does not 
obviously benefit the reproductive ecology of Persoonia and, as mentioned above, 
may have encouraged evolution of longer tepals, or style-clasping tepals, or 
tube-blocking ovaries. Two congeneric bees then occupy the same trophic levels but 


Table 9. Identification of pollen grains of bees and wasps carrying Persoonia mixed with the 
pollen of at least one other species. 


Insect Taxon 

AC 

AS 

BA 

EP 

Pollen Taxa 

LA MY 

PL 

PE 

UD 

UM 

Apis mellifera 

0 

1 

0 

0 

0 

13 

0 

13 

3 

0 

Callomelitta sp. 

0 

0 

0 

0 

0 

0 

1 

0 

1 

0 

Chalicodoma spp. 

4 

2 

0 

0 

1 

4 

0 

10 

8 

0 

Exoneura spp. 

2 

5 

0 

0 

1 

13 

0 

18 

7 

0 

Homalictus urbanus 

1 

1 

0 

0 

0 

1 

0 

1 

0 

0 

Ichneumonid wasp 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

Lasioglossum brazieri 

0 

1 

0 

0 

0 

0 

0 

1 

0 

0 

L sp. (Parasphecodes) 

0 

0 

0 

0 

0 

1 

0 

1 

1 

0 

Leioproctus (Cladocerapsis) spp. 

2 

0 

0 

0 

0 

4 

0 

5 

2 

0 

L bipectinatus 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

L carinatifrons 

1 

0 

1 

0 

0 

3 

0 

4 

1 

0 

L (Filiglossa) spp. 

0 

0 

0 

0 

0 

1 

0 

3 

2 

1 

L. incanescens 

0 

0 

1 

0 

0 

27 

2 

30 

1 

0 

L. raymenti 

0 

0 

0 

0 

0 

2 

0 

6 

6 

0 

L. speculiferus 

0 

0 

0 

0 

0 

28 

7 

41 

13 

0 

Nomia spp. 

0 

0 

1 

1 

1 

1 

0 

2 

1 

0 

Odyneurus sp. 

0 

0 

0 

0 

0 

1 

0 

1 

1 

0 

Trigona carbonarla 

0 

0 

0 

0 

0 

0 

0 

4 

4 

0 

Totals 

10 

10 

3 

1 

3 

101 

10 

142 

51 

1 

AC = Acacia, AS = Asteraceae (Brachycome, Hypochaeris), BA 

= Banksia EP = Epacridaceae (Epacris sp. 


and E. pulchella), LA = Unidentified Lamiaceae (Prostanthera type); MY = Myrtaceae 
(.Eucalyptus,Leptospeniiwn), PE = Persoonia spp.; PL = Platysace lanceolata (Apiaceae), UD = Unidentified 
dicots (triporate and tricolporate); UM = Unidentified monocot (Iridaceae type) 
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may avoid direct contact with each other. This may reduce the immediate effects of 
direct competition for the same energy source because foraging for the same nectar 
occurs at opposite ends of the same flowers. 

How interdependent, though, are Persoonia species, their true pollinators and their 
nectar/pollen thieves? Exoneura species have long been known to be polylectic foragers 
in Australia and we expected alien mixtures of pollens carried by Exoneura bees caught 
on Persoonia flowers based on the foraging record for this bee genus (Rayment 1935; 
Armstrong 1979; Bernhardt 1984, 1989). Some Exoneura species regularly visit both 
nectariferous taxa (Asteraceae, Myrtaceae, papilionoid legumes, Spyridium) and taxa 
that lack floral nectaries but produce copious pollen (Acacia, Dianella, Hihbertia) during 
the same foraging bout (Bernhardt 1989, 1995, and in progress). 

However, pollen load analysis in this study also shows that neither Cladocerapis nor 
Filiglossa bees always forage exclusively on Persoonia. Despite unusual morphological 
and ethological modifications that might be associated with foraging on Persoonia 
flowers (Maynard 1995), members of the two subgenera of Leioproctus take nectar 
and pollen from other plants. We must presume that mixed loads of pollen found in 
the scopae of such bees will still be used to feed larvae. 

Cladocerapis bees are dominant pollinators of Persoonia species at most study sites 
due, in part, to sheer numbers. Their mode of pollen collection is unlike any of the 
other prospective pollinators of Persoonia. However, there is still little direct evidence, 
at present, to indicate that Persoonia flowers and Cladocerapis bees are models of 
long-term co-adaptation. First, pollen load analyses of Cladocerapis bees indicate that 
Persoonia is not their exclusive source of pollen. Cladocerapis bees are facultative, not 
obligate, oligoleges (sensu Michener 1979) of Persoonia flowers. 

Second, taxonomists separate Exoneura from Leioproctus by family and the mouthparts of 
the two genera differ greatly in length. That is why sugar analyses of nectar of two 
Persoonia species seem so contradictory. Sucrose-dominant nectars like those of the two 
Persoonia species analysed are most often associated with long-tongue bees (Baker and 
Baker 1989) like members of the Apidae (e.g. Apis mellifera) and Anthophoridae (e.g. 
Exoneura). That may explain, in part, why naturalised A. mellifera forages so often on 
Persoonia. If the nectar of Persoonia flowers were hexose-dominant or hexose-rich then 
exclusive pollination by short-tongue bees might be expected (Kenrick et al. 1987; Baker 
and Baker 1989). While eastern Persoonia species and Cladocerapis bees certainly show 
some co-adapted features their interrelationship is not mutually exclusive. 

Of wider interest, note that the bees that forage preferentially on sympatric, co¬ 
blooming Persoonia species at Hilltop and Nerriga showed little evidence of resource 
partitioning. In his work on bee foraging in mediterranean habitats in the western 
Hemisphere Moldenke (1976) concluded that resource partitioning by bees showed 
a positive correlation with floral diversity. That is, as floral diversity increases over 
time, bees will visit the flowers of fewer plant species. Bees then avoid interspecific 
competition for the same pollen and/or nectar resources. 

Bernhardt (1989) did not find this correlation while studying the pollination ecology 
of Acacia species in south-eastern Australia. To the contrary, as floral diversity increased 
over the season, bees collected on Acacia species were more likely to carry the pollen 
of other co-blooming angiosperms. At the time, this was understood to be an exception 
to the rule, reflecting a narrow reward system since Acacia species in Australia lack 
floral nectaries. Since most bees that collect Acacia polyads are generalist foragers it 
was assumed that nectar from co-blooming taxa was essential to provide these bees 
with sufficient chemical energy to support continued foraging for pollen on nectarless 
Acacia. This should not have happened on Persoonia flowers at the Hilltop site. The 
flowers of each of the sympatric, Persoonia species sampled should have been dominated 
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by only one Cladocerapis species if Moldenke's predictions extend beyond the Californian 
flora. Instead, collections indicated that there was no obvious domination of a Persoouia 
species by one of each of the three Cladocerapis species. Pollen load analyses indicated 
that some members of all three Cladocerapis species continued interspecific foraging on 
Persoonia at Hilltop. Perhaps resource partitioning by bees can occur only if floral 
diversity and density increases while bee diversity and density remains constant. 

We may confirm then that the high frequency of FI hybrids recorded between 
Persoonia species in eastern Australia is based on the general weakness of all pre- 
zygotic barriers associated with interspecific isolation. Persoonia species in eastern 
Australia are often sympatric and floral phenology shows a broad overlap. The mere 
presence of first generation hybrids indicates that some parent species are 
intercompatible. Different suites of floral characters in Persoonia such as floral tube 
length, anther colour and differing scents do not visibly discourage interspecific 
foraging by the four to five taxa of major pollinators. 

At the Hilltop site the same three Leioproctus (Cladocerapis) species were collected on 
each of the three, co-blooming Persoonia species. At Nerriga, the most common pollinator, 
L. incanescens, was collected on co-blooming P. inicrophplla and P. mollis. When native 
poUinators fail to discriminate between the flowers of shrubs in the same genus recurrent 
hybridisation cannot be blamed exclusively on the naturalised A. /nellifera. 

When Persoonia species are sympatric and have overlapping flowering periods, up 
to 28% of their primary pollinators make interspecific foraging bouts. This helps to 
explain the high frequency of FI hybrids in Persoonia in eastern Australia. In some 
other angiosperm genera (e.g. Iris, Phlox, Opuntia, Qiiercus) the comparative lack of 
interspecific isolation has encouraged introgression or microspeciation (see review 
in Futuyma 1986). The comparative lack of autoploidy and backcrossing between 
parents and first generation hybrids in Persoonia suggests that postzygotic barriers 
(c^. FI sterility or poor survival rate) may be more important in the maintenance of 
interspecific isolation in this genus. 

Under these circumstances the genus Persoonia in eastern Australia may represent 
a species flock (sensu Mayr 1963). This section of the genus would have radiated 
rapidly during the Tertiary (Weston 1981, Truswell 1990). With the retreat of 
rainforests and moist Nothofagus forests, Persoonia might have undergone rapid 
speciation within the expanding and fragmenting shrublands and eucalypt forests 
(Truswell 1990). Just as the diversification of the orchid genus, Thelymitra, is 
identified by the key innovation of fusion of the column wings above and behind 
the fertile anther (Burns-Balogh & Bernhardt 1988; Bernhardt 1993), diversification 
within Persoonia may have depended, in part, on the evolution of basally hinged 
tepals forming a nectar chamber under the stalked ovary. 

The Persoonioideae lack such derived reproductive features as the massive 
inflorescence, protostigma, biporate pollen grain, reinforced-wiry styles, zygomorphic 
nectary found elsewhere in the family. It is tempting to speculate that insect- 
pollination is ancestral to the Proteaceae with vertebrate pollination secondarily 
derived. This recurrent trend in floral evolution has been proposed repeatedly for 
other families including the Polemoniaceae (Grant and Grant 1965), Fabaceae sens, 
lat. (Arroyo 1981) and the Orchidaceae (Dressier 1981). 

Of course, this hypothesis must be treated with considerable caution. Persoonia 
pollination does not follow the patterns of generalist entomophily described, for 
example, in the relictual magnolioids and their allies. In these families pollination is 
achieved by the much broader exploitation of a wide range of insects in different 
Orders (Hymenoptera, Coleoptera, Lepidoptera, Thysanoptera, Diptera). These insects 
have small bodies and often lack forelegs modified to manipulate anthers (Barth 
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1985; Bernhardt and Thien 1987; Thien et al. 1994). The Persoonia species of eastern 
Australia have a much more specialised system of pollination and recruit relatively 
few of the many genera of native bees as true pollinators. It is unlikely, then, that 
Persoonia sens, strict, can be used as a specific model to predict ancestral modes of 
pollination in the Proteaceae. 
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Appendix — Study Sites 

Persoonia acerosa (PHW 1954), P. levis (PHW 1956), Persoonia acerosa x P. levis (PHW 
1955). Bells Line of Road, 4.3 km W of turn-off to Mt Tomah Botanic Garden, 33°33'00"S 
150°23'41"E; dry sclerophyll forest dominated by Eucalyptus piperita and £. sclerophylla; 
understorey with Gahnia, Platysace, Acacia terminalis, A. ablongifolia, Petrophile pulchella, 
Epacris, Telopea speciosissima, Leptospermum trinervium, Polyscias sambucifolia, 
Pimclca, Ozotbamnus. 

Persoonia arborea (K. Walker s.n.). About 9-15 km W of Mt Baw Baw, 37°50'S 146°17'E, 
alt. 930 m; wet sclerophyll forest, shrubby understorey and subcanopy of P. arborea. 

Persoonia asperula (PHW 1763), P. chamaepeuce (PHW 1762). One km S of Pikes Saddle, 
36°59'40"S 149°34'00''E, alt. 1280 m; dry sclerophyll woodland dominated by Eucalyptus 
pauciflora; understorey dominated by Oxylobium ellipticum, Persoonia silvatica and the 
two other Persoonia species. 

Persoonia cbamaepitys (PHW 1738), P. laurina subsp. lamina (PHW 1274), P. levis, 
P. mollis subsp. mollis (PHW 103), P. myrtilloides subsp. myrtilloides (PHW 1739). 
Evans Lookout Road, 0.7 km WSW of Evans Lookout, 33°39'00"S 150°19'10"E, alt. 
975 m; dry sclerophyll forest dominated by Eucalyptus sclerophylla, E. sieberi; shrubby 
understorey with six Persoonia spp.. Acacia obtusifolia, Lambertia formosa, Leptospermum 
trinervium, Telopea speciosissima. 

Persoonia glaucescens (PHW 1774), P. lanceolata (PHW 1776), P. mollis subsp. nectens 
(PHW 1775). Approximately 0.3 km N of Banksia Street, on West Road Fire Trail, 
Hill Top, 34°20'30"S 150°29'00"E, Alt. 560 m; dry sclerophyll forest dominated by 
Corymbia gummifera. Eucalyptus piperita, E. sclerophylla, E. sparsifolia, E. sieberi, 
E. punctata; shrubby understorey with three Persoonia species listed above, P. laurina 
subsp. intermedia, Banksia spinulosa, Hakea sericea. Acacia obtusifolia, A. terminalis, 
Daviesia corymbosa, Lambertia formosa, Eriostemon australasius. 

Persoonia isophylla (PHW 1781). Greta Road, 1.0 km W of junction with Bumble Hill 
Road, Bumble Hill, 33°14'30"S 151°14'45"E, alt. 340 m; dry sclerophyll forest dominated 
by Corymbia gummifera. Eucalyptus haemastoma, E. oblonga; shrubby understorey with 
P. isophylla, P. levis, Angophora hispida, Lambertia formosa, Leptospermum trinervium, 
Petrophile pulchella. 

Persoonia isophylla (PHW 1783). 2.8 km S of Peats Ridge, 33°20'30"S 151°13'45"E. alt. 
280 m; disturbed dry sclerophyll forest dominated by Corymbia gummifera. Eucalyptus 
haemastoma, E. oblonga, shrubby understorey with P. isophylla, P. levis, P. lanceolata, 
Lambertia formosa, Hakea gibbosa, H. sericea, Leptospermum trinervium, Epacris pulchella, 
Petrophile pulchella, Banksia serrata, Telopea speciosissima. 

Persoonia laurina subsp. laurina (PHW 1730), P. nutans (PHW 1731). Penrith Road, 
2.3 km S of Springwood turn-off, 33°4r40"S 150°40T5"E, alt. 20 m.; dry sclerophyll 
forest dominated by Angophora bakeri. Eucalyptus sclerophylla, with a shrubby 
understorey of P. nutans, P. laurina, Banksia serrata, Ricinocarpus phnifolius, Leptospermum 
trinervium, Hibbertia diffusa. 

Persoonia microphylla (PHW 1768), P, mollis subsp. livens (PHW 1769), P. microphylla x 
P. mollis subsp. livens (PHW 1424). Nerriga-Goulburn road, 0.7 km ESE of Nerriga- 
Braidwood road, 35°08'40"S 150°03'30"E, alt. 600 m; open, disturbed roadside reserve 
through pasture with remnant dry sclerophyll forest with two Persoonia spp. and 
their hybrids. Eucalyptus dives, E. mannifera, Banksia marginata. Acacia decurrens, 
A. rubida, Allocasuarina littoralis. 
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Persoonia mollis subsp. ledifolia (PHW 1778), P. oxycoccoides (PHW 1777). 1.0 km ENE 
of Carrington Falls, Budderoo National Park, 34°37'00"S 150°39'30"E, alt. 570 m; dry 
sclerophyll woodland dominated by Eucalyptus sieberi, E. piperita, shrubby, sedgy 
understorey with two Persoonia species listed above, P. laurina subsp. leiogyna, 
P. /ms, Banksia paludosa, unidentified Epacridaceae. 

Persoonia mollis subsp. leptophylla (PHW 1771). Tianjara Falls, 35°06’40"S 150°19'50"E, 
alt. 500 m; dry sclerophyll woodland with Corymbia gurnmifera. Eucalyptus consideniana, 
dense shrubby understorey with P. mollis, Banksia paludosa. Acacia obtusifolia, 
Allocasuarina littoralis, Lambertia formosa, Lomatia myricoides, Leptospermum rotundifolium, 
Kunzea ambigua. 

Persoonia mollis subsp. livens (P. Kodela 4076). 3 km S of Boro River crossing on 
Mayfield to Braidwood road, 23°14'S 149°48'E. Gently undulating plain, on chalky 
sand over Ordovician metasediments. Open eucalypt woodland with a sparse 
understorey with Eucalyptus rossii, E. mannifera, Leptospermum trinervium, Banksia 
spinulosa, Restio fimbriatus. 

Persoonia oblongata (PHW 1748). Richmond-Springwood road, 2.0 km E of turn-off to 
Winmalee shopping centre, 33°40'20"S 150°37’40"E. Ridge-top. Dry sclerophyll forest 
dominated by Eucalyptus sparsifolia, Corymbia gurnmifera, Angophora costata, 
Allocasuarina littoralis; shrubby understorey with Persoonia pinifolia, P. levis, P. linearis, 
P. oblongata. Fine-grained sandstone or coarse-grained shale? 

Persoonia pinifolia (R.G. Coveny 15180). Gungulla Flat, SE of Waterfall, Royal National 
Park, 34°09'00"S 151°00'30"E alt. 150 m; dry sclerophyll forest dominated by Eucalyptus 
sieberi, Angophora costata and understorey of P. pinifolia (RGC 15180). 

Persoonia silvatica (PHW 1761). 2.0 km S of Pikes Saddle, 36°00'10''S 149°34'00"E, alt. 
1280 m; dry sclerophyll forest dominated by Eucalyptus fraxinoides, open understorey 
of P. silvatica with Platysace lanceolata, Lomandra longifolia, Dianella, Stylidium 
graminifolium. Acacia dealbata. 

P. subvelutina (PHW 1764). Island Bend-Guthega Road, 1.5 km WSW of Island Bend 
rest area, 36°20'00"S 148°27'30"E, alt. 1280 m; dry sclerophyll forest dominated by 
Eucalyptus pauciflora; shrubby and grassy understorey with P. subvelutina, Hakea 
microcarpa, Daviesia ulicifolia, Epacris spp., Leptospermum spp. and Arthropodium milleflorum. 

P. virgata (no voucher). Hastings Point, 28°22'S 153°35'E. 
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The breeding system of Villarsia exaltata 
(Menyanthaceae), a distylous species 


Robert Ornduff 


Abstract 

Ornduff Robert, Department of Integrative Biology, University of California, Berkeley, California 
94720-3140 USA) 1996. The breeding system o/Villarsia exaltata (Menyanthaceae), a distylous species. 
Telopea 6(4): 805-SII. Ten of the 15 species of the predominantly Australian genus Villarsia have 
distylous flowers. Eight of these are diploid or predominantly so. In six species the incompatibility 
relationships within and between the two morphs resemble the expect^ type^ but the distylous 
breeding systems of four species deviate from that conventionally associated with distyly. This 
paper reports on the breeding system of the widespread eastern Australian Villarsia exaltata, which 
has distylous flowers, striking dim.orphisms in style length and stigma morphology of the bvo 
floral types, high pollen stainability, but not consistent intermorph size differences in the pollen 
grains. Unlike the other distylous Australian species, V. exaltata is hexaploid. Intermorph pollinations 
of pin plants (those with long-styled flowers) produced 5.6 times more seeds than intramorph 
pollinations; intermorph pollinations of thrum plants (those with short-styled flowers) produced 
33.4 times more seeds than intramorph pollinations. Thus an incompatibility system is associated 
with distyly in this species; the system appears to be stronger in thrum plants than in pin plants. 
Pollinations utilizing different pairs of parent plants often differed in mean seed-sets following a 
given class of pollination. Some intramorph pollinations produced unexpectedly high seed-sets 
that were equal or nearly equal to those produced by intermorph pollinations of the same seed 
parent. The breeding system of V. exaltata is not considered to represent a condition ancestral to 
the derivative breeding systems associated with distyly elsewhere in the genus, but it demonstrates 
the kind of intrapopulation variability that is necessary before natural selection can lead to the 
development of these derivative systems. Little is known of the population biology or the 
functioning of distyly in natural populations of V. exaltata, features that would reward study by 
botanists resident within the range of this species. 


Introduction 

Distyly is a genetic polymorphism conventionally defined by reciprocity in positions of 
stigmas and anthers of the flowers of the two morphs (Barrett 1992). Long-styled 
flowers are termed pin flowers, and short-styled flowers are termed thrum flowers 
(Darwin 1877). Distyly has been reported in over two dozen angiosperm families (Lloyd 
and Webb 1992). Commonly it is associated with strong intramorph incompatibility 
and strong intermorph compatibility and by differences in size and other features of 
pollen grains and stigmas of the two morphs. There are other less widespread features 
associated with distyly in various species (Lloyd and Webb 1992). Ten of the 15 species 
of the predominantly Australian genus Villarsia (Menyanthaceae) are distylous (eight 
of these are diploid or predominently so) and four species are not heterostylous (Ornduff 
1982, 1986, 1988a, b, 1992); the floral condition of V. cambodiana Hance is unknown 
(Ornduff 1994). Four Western Australian species of Villarsia exhibit more or less 
conventional distyly, with the expected intramorph incompatibility and intermorph 
compatibility, pollen size differences, and reciprocal positions of anthers and stigmas 
(Ornduff 1982,1988a,b, 1992, unpublished; see following discussion). In two distylous 
Western Australian species both morphs are self-incompatible, pin plants are cross¬ 
incompatible, and thrum plants show high levels of cross-compatibility (Ornduff 1988b, 
in press; see following discussion). In two other distylous Western Australian species 
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both morphs are highly self-compatible as well as cross-compatible, but thrum plants 
exhibit high levels of autogamy (Omduff unpublished; see following discussion). Thus, 
in Australian species of Villarsia, at least three different breeding systems are associated 
with distyly: a more or less conventional one as well as two breeding systems combining 
unexpected mixtures of incompatibility and compatibility relationships of the two 
morphs. Although deviations from conventional distyly are known in other families, 
the combinations of compatibility and incompatibility associated with distyly in four 
species of Villarsia are unknown outside the genus (Ganders 1979a; Casper 1992; 
Dulberger 1992; Lloyd and Webb 1992). The nature of the breeding system in a Villarsia 
species thus cannot be inferred merely by the presence of distylous flowers. 

This paper describes the breeding system of Villarsia exaltata (Solander ex Sims) G. Don, 
a robust, perennial, aquatic or wetland hexaploid species ranging from coastal southern 
Queensland (the Gympie region) through coastal New South Wales to central coastal 
Victoria (Cranbourne), with outlying populations in northeastern Tasmania (Aston 
1969). Tire species has distylous flowers (illustrated by Aston, 1969, Fig. 27). Stigmas of 
pin flowers are exserted well beyond the mouth of the corolla and stigmas of thrum 
flowers are positioned at or below the mouth of the corolla (Aston 1969, Fig. 27). 
Anthers of each floral form occupy positions approximately equivalent to positions 
occupied by the stigmas of the other form. Pin stigmas are lanceolate and densely 
covered with papillae on the inner face and all but the median portion of the outer face, 
whereas thrum stigmas are more or less deltoid with papillae uniformly covering both 
the outer and inner faces (Aston 1969, Fig. 27; Dulberger and Omduff unpublished.). 

Villarsia exaltata is the only one of the three eastern Australian Villarsia species that 
has distylous flowers; the flowers of V. reniformis R. Br. and V. umhricola Aston are 
not heterostylous. These three eastern Australian species are hexaploid with n = 27 
(V. exaltata, V. iimbricola) or hexaploid with rare tetraploid populations (V. reniformis-, 
Omduff 1974). The distylous Western Australian Villarsia species are diploid, although 
tetraploid races occur in one of them (Omduff 1974; Omduff and Chuang 1988). 
This paper presents the results of an artificial pollination program carried out on 
cultivated plants of V. exaltata, a program designed to identify the presence and 
nature of the incompatibility system, if any, that is associated with the pronounced 
floral dimorphism of this species. 


Materials and methods 

Seeds of Villarsia exaltata were obtained from a population native to the grounds of the 
North Coast Regional Botanical Garden at Goffs Harbour, New South Wales, in the 
mid-1980s. Plants were grown to maturity in the greenhouses of the Department of 
Botany, University of California at Berkeley and upon flowering were assigned 
identifying codes indicating the morph and a plant number. A second collection of 
seeds obtained by J. A. West at Wilsons Promontory, Victoria, in 1991 contained a 
mixture of seeds of V. exaltata and V. reniformis that were growing sympatrically. This 
collection produced only a few thmm plants of V. exaltata, plants of V. reniformis, and 
several hybrids between the two species. In order to eliminate the possibility of dioecy 
in V. exaltata, pollen viabilities were estimated for five pin and four thmm plants of 
the Goffs Harbour progeny by mounting pollen grains in aniline blue-lactophenol on 
a glass slide and scoring stained grains in a minimum sample of 100 pollen grains. 
Pollen size was measured using a sample of 10 pollen grains from each of three plants 
of the two morphs in the Goffs Harbour progeny with an ocular micrometer. 

Six pin plants and four thrum plants of the Goffs Harbour progeny and four thrum 
plants of the Wilsons Promontory progeny were used in a pollination program 
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carried out between 1986 and 1994. It included self-pollinations, intramorph 
xenogamous pollinations, and intermorph pollinations. Each pollination was carried 
out by removing a dehisced anther from the desired pollen parent with fine forceps 
and applying the anther to the stigma of the prospective seed parent. The pedicel of 
the latter flower was tagged with a string tag indicating the nature of the cross and 
the date. A minimum of five pollinations of each individual seed parent x pollen 
parent combination was attempted, but in several instances the number achieved 
was lower than this. In approximately a month's time, as the capsules were nearly 
mature, they were harvested, placed individually in labeled coin envelopes, and the 
seeds were counted. Mean seed production figures with standard deviations were 
calculated for each combination and each type of pollination. 


Results 

Pollen stainability and size Pollen stainabilities of five pin plants of the Coffs 
Harbour progeny ranged from 86% to 100% with a mean of 93.2% for the five 
plants. Pollen stainabilities of three thrum plants in that progeny ranged from 78% 
to 97% with a mean of 89.3% for the three plants. These figures suggest that the 
pollen of both morphs has high levels of viability. Mean pollen diameters of 38.4 
± 1.6 ( plant L-2), 38.8 ±1.4 (L-1), and 41.3 ± 2.3 (L-5) pm were obtained for three 
pin plants; mean pollen diameters of 42.7 ± 2.5 (S-9), 45.4 ±2.1 (S-8), and 48.6 ± 2.7 
(S-7) pm were obtained for three thrum plants. Two pin plants sampled had smaller 
pollen grains than two thrum plants, but one plant of each morph had pollen 
grains of equal size, indicating that pollen sizes are not consistently different 
between the two morphs. 

Seed-set in the Wilsons Promontory progeny Since only four thrum plants of the 
Wilsons Promontory sample were available, the results of the pollination program 
using these plants will be summarized and not presented in tabular form. Three of 
the four thrum plants were self-pollinated five times; one seed was produced from 
these 15 self-pollinations, with a mean of 0.07 seeds per self-pollination. All four 
thrum plants were pollinated by two other thrum plants, with a total of 40 intramorph 
xenogamous pollinations carried out. One seed was produced by each of two thrum 
plants after such pollinations, with a mean seed-set of 0.05 seeds per pollination. 
Mean seed-sets from self-pollinations and from xenogamous intramorph pollinations 
in this sample of thrum plants thus were equivalent. 

The following results were obtained from the Coffs Harbour progeny. 

Self-pollinations (Table 1) The collective mean seed-set of the six pin plants following 
self-pollination was 2.6 seeds per pollination and of the four thrum plants it was 1.3 
seeds per pollination. 

Intramorph xenogamous (= interplant) pollinations (Table 1) The six pin plants 
were pollinated by three or more other pin plants serving as pollen parents. The 
mean seed-set of these pin plants following intramorph xenogamous pollinations 
was 4.3 seeds per pollination. The four thrum plants were pollinated by one or more 
other thrum plants serving as pollen parents. The mean seed-set of these thrum 
plants following intramorph xenogamous pollinations was 0.1 seeds per pollination. 

Intermorph pollinations (Table 1) Each of six pin plants was pollinated by all four 
thrum plants serving as pollen parents. The mean seed-set of pin plants following 
these pollinations was 21.1 seeds per pollination. Each of the four thrum plants was 
pollinated by all six pin plants. The mean seed-set of thrum plants following these 
pollinations was 16.7 seeds per pollination. 


Table 1. Mean seed production (standard deviation: sample size) following artificial self-pollinations, intramorph xenogamous pollinations, and intermorph 
pollinations in a cultivated progeny of Villarsia exaltata. Plant numbers are given for seed parents (vertically on the left) and for the same plants as 
pollen parents (horizontally on the top) of long- and short-styled plants used in the pollination program. 
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Discussion 

Villarsia exaltata possesses an incompatibility system linked to its floral dimorphism. 
The strength of this incompatibility system can be expressed by comparing mean 
seed-sets following intramorph pollinations with mean seed-sets obtained from 
intermorph pollinations. In the Coffs Harbour progeny, the mean seed-set of thrum 
plants was 0.5 seeds per intramorph pollination and 16.7 seeds per intermorph 
pollination. The mean seed-set of tlirum plants after intermorph pollinations thus was 
33.4 times greater than that after intramorph pollinations. The mean seed-set of pin 
plants was 3.8 seeds per intramorph pollination and 21.1 seeds per intermorph 
pollination. The mean seed-set of pin plants after intermorph pollinations thus was 5.6 
times greater than that after intramorph pollinations. These figures suggest that the 
strength of incompatibility differs between the two morphs, with that of thrum plants 
about six times greater than that of pin plants. It is possible, however, that this may 
instead reflect a difference in mean ovule numbers of flowers of the two morphs, a 
feature that unfortunately was not measured. Only thrum plants were present in the 
Wilsons Promontory progeny; these also produced low seed-sets after self- and 
intramorph pollinations. Pollen stainabilities of both morphs in the Coffs Harbour 
progeny were high, and pollen sizes of the two morphs were not consistently different. 

The preceding figures offer a summary of the strength of the incompatibility system 
at the population level in Villarsia exaltata, but they do not convey the level of variability 
among plants in the functioning of this system. In the Coffs Harbour progeny, mean 
seed-sets of individual thrum plants after self-pollinations ranged from 0 to 0.37 times 
(in S-7) that following intermorph pollinations. Mean seed-sets of individual pin plants 
after self-pollinations ranged from 0 to 0.5 times (in L-1) that following intermorph 
pollinations. Mean seed-sets of thrum plants after xenogamous intramorph pollinations 
were uniformly very low, but in pin plants they ranged from 0 to 1.2 times (in L-2) 
that following intermorph pollinations of the same plants. One pin plant (L-2) produced 
a mean of 25.6 seeds per pollination with L-1 as the pollen parent, and a mean seed- 
set of 25.8 seeds following all pollinations with thrum plants. One intramorph 
pollination combination of this pin plant thus produced a mean seed-set equal to that 
of the same plant following intermorph pollinations. Used as a pollen parent in pin 
plant x pin plant pollinations, L-1 produced seed-sets in three pin plants (L-2, L-4, 
L-5) that exceeded the mean seed-sets of these same pins in some intermorph 
pollinations. The strength of self-incompatibility and of intramorph cross¬ 
incompatibility in pin plants of V. exaltata clearly varies depending on the pair of 
parent plants used. The explanation for this variability is unclear, since on physiological 
and genetic bases the seed-set from pin plant x pin plant pollinations should be 
equivalent to that from self-pollinations of pin plants. 

Mean seed-sets of individual pin plants following all intermorph pollinations of 
them ranged from 14.4 and 12.2 in L-4 and L-5, respectively, to 28.6 and 29.8 in 
L-6 and L-3, respectively, thus differing by factors of L9-2.4 for the same category 
of pollination in the progeny. Mean seed-sets of individual thrum plants following 
all intermorph pollinations of them ranged from 3.8 in S-10 to 30.5 in S-7, thus 
differing by a factor of 8.0. While L-4, L-5, and S-10 functioned poorly as maternal 
parents, they functioned well as male parents in intermorph pollinations. The 
effectiveness of individual plants in their male and female functions thus varied 
depending on the combinations of parental plants involved in pollinations. 

Since the pioneering studies of Darwin (1877) it has been usual to report seed-set 
data obtained from pollination programs of heterostylous species as pooled data, 
usually collected from a single flowering season (e.g. Ganders 1975; Philipp and 
Schou 1981; Ornduff 1982, 1988b; Goldblatt and Bernhardt 1990). This practice 
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obscures intrapopulation variability that may occur in some heterostylous species, 
or variation in breeding systems that occurs over a period of years (e.g. Ornduff 
1976, 1980). Other more detailed methods of reporting seed-set data have revealed 
interesting intrapopulation differences in breeding systems (e.g. Ganders 1979a,b; 
Nicholls 1985; Barrett and Anderson 1985; Glover and Barrett 1986) as well as 
interpopulation differences (e.g. Weller 1979, Barrett 1985). Villarsia exaltata shows 
plant-to-plant differences in fecundity after various pollination combinations in both 
morphs and some pins show unexpectedly high levels of seed-set following what 
should be incompatible crosses. In these respects, the breeding system of this species 
parallels that of the Western Australian V. lasiosperma F. Muell. (Ornduff 1992), 
which is considered by Aston (1969) to be a close relative of V. exaltata. 

As mentioned above, 10 of the 15 species of Villarsia have distylous flowers and four 
have flowers that are not heterostylous. The breeding system associated with distyly 
in the South African V. capensis (Houtt.) Merrill (Ornduff unpublished), the Western 
Australian V. capitata Nees (Ornduff 1982), V. congestiflora F. Muell. (Ornduff 1988a), 
and V. latifolia Benth. (Ornduff unpublished) appears to be more or less conventional, 
i. e., with generally strong intramorph incompatibility and high levels of intermorph 
compatibility. The Western Australian V. calthifolia F. Muell. and V. violifolia F. Muell. 
have distylous flowers but with high levels of intra- and intermorph compatibility 
of both morphs (Ornduff unpublished). The distylous Western Australian 
V. marchanlii Ornduff (Ornduff unpublished) and V. parmssiifolia (Labill.) R. Br. 
(Ornduff 1986, in press) have pins with strong intramorph incompatibility, but thrum 
X thrum pollinations are relatively fecund. The Western Australian V. albiflora F. Muell. 
(Ornduff 1986, in press) and V. submcrsa Aston (Ornduff unpublished) have flowers 
that are not heterostylous, exhibit strong self-incompatibility, and high interplant 
compatibility. The eastern Australian V. reniformis R. Br. has flowers that are not 
heterostylous, but it is uncertain whether the species is uniformly self-incompatible, 
self-compatible, or exhibits both conditions (Ornduff unpublished). The southeastern 
Australian V. umbricola Aston likewise has flowers that are not heterostylous, but 
these are highly self-compatible, show high levels of autogamy, and are probably 
recombinant homostyles (Ornduff unpublished). 

The small genus Villarsia exhibits a diversity of breeding systems, most of which seem 
to be derived from an ancestral, conventional distyly. The significance of intraspecific 
variation in distylous breeding systems in this genus is unknown, but the unexpected 
features in breeding systems that characterize V. marcliaiitii and V. pamassiifolia could 
have developed only from an ancestral distylous breeding system in which conventional 
morphological distyly is associated with relaxed incompatibility in one or both morphs. 
The breeding system of V. exaltata does not represent a postulated ancestral condition of 
any derivative breeding system known in the genus. However, the plant-to-plant variation 
in breeding system found within the single population studied of this species is a 
prerequisite condition to the breakdown of distyly that has occurred elsewhere in the 
genus. Much remains to be discovered about the breeding system of V. exaltata: for 
example, we know nothing of morph ratios of pin and thrum plants in the field, its 
pollination biology, fecundity of the two morphs under field conditions, or interpopulation 
differences in breeding system and the morphological expression of distyly. These merit 
study by botanists who are resident in the natural range of this species. 
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Abstract 

Crisp, Michael D. and Chandler, Gregory T. (Division of Botany and Zoology, The Australian National 
University, Canberra ACT 0200, Australia) 1996. Paraphyletic species Telopea 6(4): 813-844. We 
present evidence, mainly from plants, that many recognised species and subspecies are 
paraphyletic. Whilst some cladists have argued that species are like other taxa, and should be 
monophyletic, it is clear that even cladists either implicitly or explicitly recognise non- 
monophyletic species. Moreover, species concepts such as the phylogenetic species concept 
and the composite species concept predict non-monophyly of many species. Whenever a 
monophyletic species is circumscribed, it is possible that a paraphyletic or metaphyletic 
'residual' species is simultaneously recognised. Furthermore, attempts to place all organisms 
in a monophyletic taxon at every rank regress to the population level where monophyly is no 
longer applicable, leaving paraphyletic residuals. These groups of organisms can hardly be 
ignored, unless one wishes to define them out of existence (as in the monophyletic species 
concept). It has been argued that paraphyly is only an artifact of the Linnean system, which 
requires all organisms to be classified in certain ranks, e.g. species. However the phenonemon 
of regress shows that this is incorrect, because paraphyly is inherent in species. The solution 
to this conundrum is to recognise species as special taxa, which may be monophyletic or 
paraphyletic. (Higher taxa should always be monophyletic, and can be made so.) This requires 
the acceptance of a species concept that allows paraphyly, such as the phylogenetic species 
concept or the composite species concept. The monophyletic species concept, which does not 
allow paraphyly, is not acceptable. The special nature of species derives from their basal 
position in the phylogenetic system. Theoretically, the proportion of paraphyletic and 
metaphyletic species may be 50% or higher. Empirical estimates range from 20% to 50%. Use 
of non-monophyletic species in historical applications such as biogeography is widespread 
but may not be invalid, depending upon the assumptions made. 


Introduction 

In recent years, systematists have sought a species concept that is compatible with 
a phylogenetic system. They have rejected the biological species concept because of 
its reliance on the single criterion of reproduction. Entities which are distinct in 
many evolutionary, biological, and ecological features are nevertheless capable of 
interbreeding (Endler 1989, pp. 629-30). The biological species concept has never 
dealt satisfactorily with the conundrum of potentially (but not actually) interbreeding 
allopatric populations. Above all, the biological species concept is based on 
contemporary micro-evolutionary processes and cannot be reconciled with a 
phylogenetic system, in which taxa are viewed as historical units, extended in time 
and the units of a nested hierarchy (Rosen 1979; Donoghue 1985; Cracraft 1989; 
Vrana & Wheeler 1992; Frost & Kluge 1995). 


Species as lineages 

Systematists have debated whether species should be viewed as lineages or taxa 
(Nelson 1989b; Rieppel 1994; Frost & Kluge 1995). Recent views of species as lineages 
hark back to a model presented by Hennig (1966: fig. 6), showing a lineage of 
sexually reproducing organisms splitting into two daughter linages. Each lineage is 
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made internally cohesive by reticulating ('tokogenetic') relationships among its 
component organisms, but no such connections exist between lineages •— they are 
mutually exclusive. Species are the internodes of a phylogenetic tree and speciation 
is the point at which lineages split permanently. Hennig's model has been reproduced 
many times, with modifications to show details or complications such as temporary 
versus permanent splits, reticulation and extinction (Kornet 1993a; Kornet 1993b; 
O'Hara 1993; Frost & Kluge 1995; Graybeal 1995). Most importantly, a lineage species 
is a model of evolutionary process. It is viewed as a real entity that evolves in time 
and space, has a definite beginning and end, and may be the ancestor of lineages 
comprising one or many species. It has been called the 'evolutionary species concept' 
(Wiley 1981; Frost & Kluge 1995) and the 'internodal species concept' (Nixon & 
Wheeler 1990; Kornet 1993a). 

Some authors have been preoccupied with 'exclusivity' of lineage species (Donoghue 
1985; de Queiroz & Donoghue 1988; de Queiroz & Donoghue 1990a; de Queiroz & 
Donoghue 1990b; Baum 1992; Baum & Shaw 1995; Graybeal 1995). (This is often 
called 'monophyly' but strictly monophyly refers to a taxon diagnosed by an 
autapomorphy.) A lineage is exclusive only if all its members are more closely 
related to one another (by ancestry) than to any member of another lineage. For 
example, the lineage of descendants of Queen Victoria is not exclusive because some 
descendants are more closely related to members of other lineages (by marriage, e.g. 
cousins). This discussion can reduce to the absurd because any lineage may be 
shown to be non-exclusive if examined minutely enough, even body cells (Frost & 
Kluge 1995). In her formalisation of a lineage concept of species, Kornet (1993a) 
shows that internodal species are miitualli/ exclusive partitions of the genealogical 
network. Whilst this is a different notion of exclusivity from that discussed above, 
Kornet shows the latter problem to be irrelevant by using descent rather than ancestry 
as the criterion of group membership. 


Species as taxa 

A major problem with species conceived as lineages is that they have poor empirical 
content (Kornet 1993a). When we find two allopatric populations that are essentially 
similar, we have no way of judging their fate — whether they are the basis of new, 
historically separate lineages, whether either will become extinct, or whether they 
will reunite and become reproductively, tokogenetically cohesive again. Therefore, 
systematists have also proposed concepts of species that have an empirical basis. In 
this view, species are part of a pattern of similarity among organisms: the hierarchy 
of internested groups that are called taxa (Nelson & Platnick 1981; Nelson 1989b; 
Rieppel 1994). The internested groups or taxa are recognised by shared similarity in 
characters, known as synapomorphy or homology. This hierarchy is represented as 
a tree (cladogram or phylogeny), but it is an abstract representation of pattern. The 
branches of the tree represent taxonomic groups which are internested, static and do 
not evolve. Thus the stem at the base of the angiosperms represents not the ancestral 
species of all angiosperms, but the most inclusive set of all taxa that we call 
angiosperms, recognised by the set of characters that all angiosperms share, and 
marked on the stem. Rieppel (1994) suggests that species conceived as lineages and 
species conceived as taxa are 'complementary but incompatible'. (Frost & Kluge 
(1995) refer to this distinction as the 'scalar' hierarchy versus the 'specification' 
hierarchy.) If taxa are also considered to be ancestors and descendants, then we are 
confronted with a paradox (Nelson 1989b). For example, does the subordination of 
the angiosperms to the seed plants imply that the seed plants are the ancestors of 
the angiosperms? Surely not, because the angiosperms are also a part of seed plants. 
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and angiosperms are not ancestors of themselves, any more than I am part of my 
grandfather. However, it cannot be disputed that some member of the seed plants 
evolved into the first angiosperm. The resolution of this paradox is to recognise taxa 
as units of an hierarchical pattern, not as part of the evolutionary process. By logical 
extension, species belong to this hierarchy. This pattern, when reconstructed, may 
be used as a framework for hypotheses about the evolutionary process, e.g. that a 
seed plant with certain characteristics gave rise to the first angiosperm. Thus the 
role of ancestor is restricted to lineages and their subunits, such as individuals or 
populations (Rieppel 1994) or 'internodons' (Kornet f993b). If species are treated as 
taxa, then they are not different in kind from higher taxa. They are simply the least 
inclusive units in the systematic hierarchy. 

Recent concepts of species as phylogenetic taxa derive from Nelson & Platnick (1981: 
12), who define species as 'the smallest diagnosable cluster of self-perpetuating 
organisms that have unique sets of characters'. This is known as the 'phylogenetic 
species concept', 'irreducible unit' or 'minimum diagnosable unit' (Cracraft 1989; 
Nixon & Wheeler 1990; Nixon & Wheeler 1992). However, a unique or diagnostic 
character may be either an apomorphy or a plesiomorphy, and a group diagnosed 
solely by the latter is not monophyletic, which is anathema to authors such as 
Nelson (1989a; 1989b). Such species are not simple internodal partitions of a 
phylogenetic tree. They 'survive' a speciation event in which an autapomorphic 
species branches off from the phylogenetic stem (Nixon & Wheeler 1992: fig. 4.7B). 
Contrast this with Hennig's (1966: fig. 6) methodological extinction of ancestral 
species at branch-points. Neither Cracraft nor Nixon and Wheeler confront the 
paraphyly issue, but instead imply that paraphyletic species are acceptable, provided 
that they manifest unique and fixed character combinations. Under the phylogenetic 
species concept, speciation is the point at which a lineage acquires an apomorphy, 
or more precisely when a new character is fixed (Nixon & Wheeler 1992: fig. 4.7). 
This is true even of species diagnosed by a plesiomorphy, because at some point 
earlier in history, every plesiomorphy was an apomorphy. A problem with the 
notion of an 'irreducible unit' is that it is prone to regress (cf. de Queiroz & Donoghue 
1990b). Peripherally isolated populations in which trivia! genetic characters can easily 
become fixed would be diagnosed as species, contrary to general practice. One 
solution to the paraphyly problem is the monophyletic species concept, under which 
species have at least one autapomorphy (Rosen 1979; Donoghue 1985; Nelson 1989a; 
Nelson 1989b). However, this concept is unsatisfactory because ultimately taxa are 
not necessarily divisible into monophyletic sister-taxa (Smith 1994b). The smallest 
autapomorphic unit may have as its sister-group an unresolved symplesiomorphic 
cluster of organisms. The autopomorphic species concept consigns these to limbo, 
outside any species, but they can scarcely be ignored. 

Some authors have taken the pragmatic view that phenetic clusters may be treated 
as species. This approach has been termed the 'phenetic species concept', although 
it is actually an empirical criterion, free of assumptions about evolutionary process. 
Such units have been termed 'phena' (Mayr 1969; Smith 1994b), to distinguish them 
from theoretically based 'species'. In fact, the phenetic species concept is the formal 
equivalent of the traditional 'taxonomic' or 'morphological' species concept, under 
which species are circumscribed by intuitively perceived similarity among their 
members (Sneath & Sokal 1973: 364-5). Sometimes this concept is conflated with the 
phylogenetic species concept; however, clustering by overall similarity is not the 
same as clustering by diagnostic (fixed) characters. Clusters in phenetic space may 
share no diagnostic character; usually they are circumscribed by a series of partially 
correlating (polythetic) characters. Nevertheless, some authors have argued that 
phenetic clusters may be equivalent in practice to phylogenetic species (Theriot 
1992; Crisp & Weston 1993). 
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The composite species concept (Kornet 1993b), as its name implies, combines the 
lineage and taxon views of species. Komet first formalises the internodal species concept 
(Kornet 1993a) then reveals a significant drawback with it: every isolated population 
is a potential new lineage and it can be made permanent by extinction. Thus, internodal 
species tend to be trivial units compared with those that are generally recognised as 
species, and are more akin to populations. Moreover, the internodal species concept is 
operationally intractable, because the fate of an isolated population cannot be 
determined. Instead, Kornet defines composite species as lineages of 'internodons' 
which begin with the fixation of a novel character in an ancestral internodon and end 
with another fixation in a descendant internodon (or extinction). Composite species 
are parts of lineages because internodons have ancestor-descendant relationships and 
are mutually exclusive. Because they are diagnosed by fixed novel characters 
(autapomorpliies), they are also taxa and operationally equivalent to phylogenetic 
species. Thus the composite species concept seems to reconcile the tension between 
species-as-lineages and species-as-taxa (above). It should be noted that composite 
species are paraphyletic groups of internodons, unless they become extinct, in which 
case they become monophyletic (Komet 1993b: 69). 


Paraphyly and metaphyly 

Cladism has led to rejection of paraphyletic taxa on the grounds that they are not real 
phylogenetic units and lead to confusion about both the distribution of characters and 
the relationships of taxa (Donoghue & Cantino 1988; Humphries & Chappill 1988). 
Paraphyletic groups are considered 'artifactuaT and qualitatively different from 
monophyletic groups, which are 'real' taxa (Nelson 1989b). For every monophyletic 
taxon recognised, any of a series of paraphyletic groups may be constructed by 
excluding the monophyletic taxon from more inclusive (higher-level) monophyletic 
groups. In this way, paraphyletic groups have been treated as taxa, diagnosed by 
symplesiomorphies or the absence of the autapomorphies which circumscribe the 
excluded monophyletic groups. When taxa are discovered to be paraphyletic, 
systematists are inclined to divide them into several more narrowly circumscribed, 
monophyletic taxa (monophyly can also be achieved by amalgamation). However, 
this process of division may regress to the species level, where a problem is encountered: 
species are not divisible into monophyletic subunits. Moreover, both the phylogenetic 
species concept and the related composite species concept predict that many, if not 
most, species are not monophyletic (above). Here is a conundrum: if species are to be 
considered taxa, logically the sanction against paraphyly should apply to them (Cracraft 
1989; Nelson 1989a; Nelson 1989b). 

Empirically, it has long been recognised that many accepted species are paraphyletic 
('paraspedes': Ackery & Vane-Wright 1984). In a paraspecies, some (but not all) 
members are more closely related to members of another species than to other 
members of the paraspecies. Evidence for paraphyly would be a synapomorphy 
which some members of the paraspecies share with the other species (Fig. Ic). Some 
authors have pointed out that any species that lacks an evident autapomorphy is at 
least potentially paraphyletic; however, this is only an inference based on lack of 
evidence (it is also potentially monophyletic). The term 'metaspecies' has been coined 
(Donoghue 1985) to distinguish such species (whose phylogenetic status has not 
been resolved by cladistic analysis) from paraspecies (whose presumed monophyly 
has been tested and refuted). (Gauthier (1986) extends the metataxon concept to 
higher taxa but this is not relevant here.) Phylogenetic analysis of populations 
comprising a metaspecies may have one of three outcomes (cf. de Queiroz & 
Donoghue 1988: fig. 7): (i) a synapomorphy may be found for all populations, and 
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Fig. 1. Illustration of monophyletic species, paraspecies (paraphyletic) and metaspecies (unresolved), 
a. Initial phylogeny showing a metaspecies as sister-group to a monophyletic species. The 
metaspecics has no apomorphic characters except 1, which it shares with its sister species. The 
monophyletic species has an autapomorphy, character 2. b-d, Possible outcomes following cladistic 
analysis of populations in a. b, A new symapomorphy (character 3) is found for populations 
comprising the metaspecies, which is now recognised as a monophyletic species, c, A new 
synapomorphy (character 4) is found which is shared by two populations of the metaspccies and 
the monophyletic sister species. Tire original metaspecies is now recognised to be paraphyletic. 
d. No further apomorphies are found, and the metaspecies remains unresolved. These definitions 
apply equally to subspecies. Terminal branches represent populations. Solid bars represent original 
apomorplries; open bars represent additional apomorphies discovered following cladistic analysis. 
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the 'metaspecies' is shown to be monophyletic (Fig. lb); (ii) a synapomorphy may be 
found (character 4, Fig. Ic) demonstrating that some populations of the metaspecies 
are more closely related to a recognised monophyletic species, in which case the 
'metaspecies' is shown to be paraphyletic; (iii) no new apomorphy is found, and the 
species remains an unresolved metaspecies (Fig. Id), diagnosed only by a 
symplesiomorphy (character 1, Fig. Id). Both paraspecies and metaspecies are 
diagnosed by symplesiomorphy (character 1, respectively in Figs. Ic and Id). 
However, they differ in that evidence exists to show that part of the paraspecies is 
more closely related to another species (character 4 in Fig. Ic), whereas no such 
evidence is found in a metaspecies (Fig. Id). To summarise, depending upon the 
observed distribution of apomorphies among populations, the phylogenetic status 
of a species may be: unresolved (a metaspecies), non-monophyletic (a paraspecies) 
or monophyletic (an autapomorphic species). Note that irrespective of the 
phylogenetic relationship of their populations, all these species are diagnosable units 
consistent with the phylogenetic and composite species concepts. Therefore all are 
real, discoverable and corroborable entities. Moreover, the phylogenetic relationship 
of their parts (monophyletic, paraphyletic or metaphyletic) is also discoverable and 
corroborable (by the adducement of additional evidence). 


Objectives 

In this paper, we present examples of paraspecies and metaspecies and empirically 
estimate their proportion of all species. We show that any attempt to purge the 
system of these is futile, because of the asymmetric distribution of apomorphic 
(relatively advanced) characters among basal lineages (species). Consequently we 
address the conundrum of paraspecies and metaspecies in a system to which these 
are anathema. Finally, we consider the implications for comparative methods such 
as cladistic biogeography of a false assumption of species monophyly. 

For the purpose of this paper, we make no fundamental distinction between species 
and subspecies. This paper is concerned with lowest-level taxa, whether ranked as 
species or subspecies. The concepts monophyly, paraphyly and metaphyly apply 
equally to either, and to taxa of any rank. We do not consider the effects of reticulation, 
as this is a separate problem. 

Examples of paraspecies 

The following five examples report cladistic analyses using as terminals either 
populations or geographic forms that do not have evident autapomorphies and may 
well be paraphyletic. Are these suitable units for cladistic analysis? Some authors 
suggest that using paraphyletic terminals invalidates phylogenetic analysis (Cracraft 
1989; de Queiroz & Donoghue 1990a; de Queiroz & Donoghue 1990b; Nixon & 
Wheeler 1990; Wheeler &c Nixon 1990; Vrana & Wheeler 1992). Moreover, because 
evolution among populations is likely to be reticulate, the strictly hierarchical model 
of cladistic relationships may be invalidated (Crisp & Weston 1993). However, these 
problems are not restricted to populations: the monophyly of most taxa (e.g. species 
and subspecies) is untested and thus uncertain (Nelson 1989b). Moreover, this paper 
shows that many such taxa are probably paraphyletic. An extensive literature attests 
to the frequency of reticulate evolution among recognised species (e.g.. Funk 1985; 
Barton & Hewitt 1989; Harrison 1991; Arnold 1992; Grant & Grant 1992; Smith 1992). 
Thus, problems affecting cladistic analysis of populations apply at least in part to 
subspecies and species. Vrana & Wheeler (1992) advocate using as terminals 
individual organisms, whose monophyly can (perhaps) be safely presumed. However, 
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their approach is likely to encounter serious sanapling problems: if the terminals 
comprising a data set are too sparse a sample of the variation within the study 
group, then an incorrect topology may be found because divergent change may 
confound estimates of homology. This is becoming evident in studies using molecular 
data (Melnick et al. 1993; Smith 1994a), as well as fossils (Donoghue et al. 1989: 
444 - 449 ), By analogy, a single individual may be an inadequate sample of the 
character variation within a species or higher taxon. Clearly cladistic analysis cannot, 
by the nature of its assumptions and limitations, reconstruct all the historical events 
affecting populations, such as reticulation or isolation of a lineage in which no 
detectable apomorphy has evolved. However, it should retrieve the major divergence 
events as well supported clades, and on this basis we shall proceed. 

Daviesia ulicifolia 

Recently we have attempted to resolve the complex species Daviesia ulicifolia 
(Fabaceae: Mirbelieae). As currently circumscribed, this taxon extends from Cape 
York Peninsula in far north Queensland (16°S, 145°E) south to Tasmania (43°S, 147°E) 
and west to the Great Victoria Desert (30°S, 124°E). This is a vast range: 27° in 
latitude and 23° in longitude; however, the distribution is 'L'-shaped and only covers 
about 20% of the Australian continent. Additionally, in south-eastern mainland 
Australia, it extends from sea-level to tree-line at 1800 m altitude, where continuous 
snow cover is experienced in winter months. Not surprisingly, this is a polytypic 
species showing several morphological forms. Bentham (1864: 81) named four forms 
(under the illegitimate name D. ulicina), but neither he nor his successors have 
produced a satisfactory classification of the species. Our treatment used mainly 
morphometric characters of the leaves, stems, inflorescence and flowers to identify 
phenetic clusters that might be recognised as taxa. Although several morphologic- 
geographic clusters were evident, most of these intergraded in the regions of overlap, 
and we have treated them either as subspecies or informal forms (Table 1; Chandler 
& Crisp, in prep.). Environmental variables such as soil texture, nutrients and climatic 
parameters correlate with the clusters but these too overlap between forms. The 
only form which we are segregating at species level is the 'Yorke' form, which is 
autapomorphic and appears more closely related to D. arthropoda than to D. ulicifolia 
(Fig. 2; Chandler & Crisp, in prep.). 

We have made a cladistic analysis of the forms of D. ulicifolia and related species 
which share with it a distinctive kind of calyx with equal teeth (D. acicularis, 
D. areuaria, D. arthropoda and D. microcarpa: Pate et al. 1989; Crisp 1995a). At this low 
taxonomic level, most of the available characters are morphometric in nature, and 
we used the coding method of Thiele (1993a). The few qualitative characters tend to 
be autapomorphies for the recognised species (Table 1), for example: toothed and 
revolute leaf margins (D. acicularis); midrib more prominent abaxially (D. areuaria); 
leaves angular-terete, stems lax and unbranched (D. microcarpa). Both D. arthropoda 
and D. ulicifolia lack autapomorphies and should be considered a priori metaspecies. 
For an outgroup we used D. ivyattiana, which appears to be closely related to the 
D. ulicifolia group (Pate et al. 1989). Tables 2 and 3 show the character list and data 
matrix respectively. 

We used the 'branch and bound' algorithm in PAUP (Swofford 1990) to find a single 
most parsimonious tree of 396 steps (Fig. 2). The data set shows significant cladistic 
structure (PTP < 0.01: Faith & Cranston 1991). However, the low bootstrap values on 
most nodes indicate a weak hierarchical pattern in the characters used. Little 
phylogenetic structure is expected at the level of diverging geographic forms, because 
they are unlikely to be fully differentiated lineages due to reticulation or gene flow, 
even if this occurs at a reduced level compared with undifferentiated populations 
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Table 1. Terminal taxa used in the cladistic analysis of Daviesia ulicifolia. Autapomorphies (unique 
defining characters) are indicated where known. 


Name 

Distribution 

Autapomorphies 

D. wyattiana 

Eastern Great Dividing Range 

Linear leaves 

D. acicularis 

NSW, mainly coast and ranges 

Leaf margins toothed, revolute 

D. arenaria 

Mallee, NSW, VIC, SA 

Midrib prominent below 

D. arthropoda 

Central Australia 

Minute standard petal 

D. microcarpa 

Norseman, WA 

Leaves angular-terete; 
unbranched 

D. ulicifolia: 



angustifolia 

East coast, N of Hunter Valley 

- 

desert 

Southern arid interior, 

WA to NSW 

Plant pruinose; 
uniflorescence racemose 

grampians 

Grampians, western Victoria 

- 

lofty 

Mt Lofty Range, SA 

Standard petal red 

NVP 

Northern plains, VIC 

- 

pilliga 

Pilliga scrub, NSW 

- 

rusdfolia 

Montane to subalpine, 

VIC and NSW 

- 

subumbellate 

mainly lowland Victoria 

- 

typical 

Coastal south-eastern Australia 

- 

yorke 

Yorke Peninsula (SA); 
eastern Tas 

Leaves very thick, 
rigid, wrinkled 


Table 2. Characters used in the cladistic analysis of Daviesia ulicifolia. All characters are continuous 
variables normalised by log transformation, except qualitative characters, as indicated. 

1. Leaf length 

2. Leaf width 

3. Leaf shape (ratio distance from tip to widest point: length) 

4. Leaf cross section (ratio thickness: width, at widest point) 

5. Standard width 

6. Inflorescence type: 0 = solitary, 1 = umbel, 2 = raceme 

7. Peduncle length 

8. Rachis length 

9. Pedicel length 

10. Midrib: 0 = more prominent above, 1 = equal, 2 = more prominent below (unordered) 

11. Divaricate habit: 0 = yes, 1 = no 

12. Spinescent branchlets: 0 = yes, 1 = no 
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Table 3. Data matrix used in the cladistic analysis of Daviesia ulicifolia. Values for each character 
are standardised integers over the range 0 to 30 using the method of Thiele (1994). A polymorphism 
is indicated by 'p' (states 1 and 2). 


D. wyattiana 

30 

20 

? 

4 

29 

1 

30 

0 

30 

1 

1 

1 

D. acicularis 

12 

13 

17 

6 

11 

0 

0 

0 

5 

0 

1 

1 

D. arenaria 

2 

30 

16 

0 

12 

0 

0 

0 

8 

2 

0 

0 

D. arthropoda 

14 

26 

0 

2 

0 

0 

14 

0 

17 

0 

0 

0 

D. microcarpa 

6 

0 

30 

30 

8 

0 

0 

0 

10 

? 

1 

1 

D. uiicifolia: 













angustifolia 

6 

1 

25 

12 

11 

0 

0 

0 

0 

0 

0 

0 

desert 

7 

13 

22 

10 

5 

2 

7 

30 

8 

0 

0 

0 

grampians 

7 

20 

16 

5 

30 

1 

6 

0 

9 

0 

0 

0 

lofty 

9 

14 

20 

7 

27 

P 

7 

2 

8 

0 

0 

0 

NVP 

0 

20 

26 

3 

3 

0 

0 

0 

2 

0 

0 

0 

pilliga 

6 

26 

17 

1 

6 

0 

0 

0 

3 

0 

0 

0 

ruscifolia 

3 

18 

28 

4 

26 

0 

0 

0 

7 

0 

0 

0 

subumbellate 

6 

13 

24 

7 

22 

1 

5 

0 

5 

0 

0 

0 

typical 

5 

13 

22 

5 

16 

0 

3 

0 

6 

0 

0 

0 

yorke 

12 

28 

3 

2 

22 

1 

11 

0 

12 

0 

0 

0 


(de Queiroz & Donoghue 1988; Crisp & Weston 1993). Nevertheless one clade with 
a moderate bootstrap value of 67 included all forms of D. ulicifolia and the three 
autapomorphic species D. acicularis, D. arenaria and D. microcarpa (Fig. 2). Thus 
D. ulicifolia appears to be paraphyletic by exclusion of the latter species. Only the 
'Yorke' form is excluded from this clade, and it shows a sister-group relationship to 
D. arthropoda. As the species included within the D. ulicifolia clade are well separated, 
no re-rooting can make D. ulicifolia appear monophyletic, even if the distinct 'Yorke' 
is excluded from consideration. We tried constraining monophyly of D. ulicifolia, but 
this increased tree-length very substantially (68 extra steps), a significant difference 
which was not achieved in 100 randomised data sets (T—FTP < 0.01: Faith 1991). 
Other manipulations, such as selectively excluding combinations of species, did not 
substantially alter the relationships of the forms nor alter the paraphyly of D. ulicifolia. 
An alternative binary encoded data set (with fewer characters) produced a very 
unresolved tree but again showed D. ulicifolia as paraphyletic. 

Banksia integrifolia 

Thiele (1993b) and Thiele & Ladiges (1994) made a morphological analysis of the 
Banksia integrifolia (Proteaceae: Banksieae) complex, which broadly overlaps with 
D. ulicifolia east of the Great Dividing Range. Tlieir methods were essentially similar to 
those described above for D. idicifolia, using either binary or morphometric characters 
of adult leaves, fruits and juvenile leaves. Four phenetic clusters were recognised as 
taxa. Three of these overlapped in distribution and morphology. Only the most northern 
entity {'aquilonia') was found to be both morphologically and geographically disjunct, 
with no intermediates. The authors would have liked to segregate this as a species, 
but demurred on the basis of a cladistic analysis, which nested aquilonia deep within 
the complex (Fig. 3). Thus, B. integrifolia would have been rendered paraphyletic by 
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removal of aquilonia. To circumvent this problem, they might have split B. integrifolia 
into four species (corresponding to the four phenetic-geographic clusters), but they 
refrained because of the existence of intermediates between most of the clusters. Instead, 
they described the four forms as subspecies of B. integrifolia. 


36 


67 


42 


35 


23 


24 


24 


6 


29 _ 

77 


26 

41 


D. wyattiana 
yorke 

D. arthropoda 
gram plans 
lofty 

ruscifoiia 
subumbellate 
typical 
D. aclcularis 
desert 
angustifolia 
D. microcarpa 
NVP 
pilliga 
D. arenaria 


Fig. 2. Shortest tree (396 steps) for geographic forms of Daviesia tilicifolia (in plain font) and related 
species (in italics, preceded by 'D.'). Found using branch and bound' in PAUP 3.f.l (Swofford 
1990) from data in Table 3. Numbers on internodes indicate bootstrap values from 100 replicates. 
The tree is rooted using the outgroup D. vn/attiam. Note that D. ulicifolia is paraphyletic by 
inclusion of four other species. 


B. canei 


B. saxicola 


ssp. integrifolia 
ssp. monticola 

ssp. compar 
ssp. aquilonia 


B. integrifolia 


Fig. 3. Cladogram of Banksin integrifolia comprising four subspecies (.integrifolia, monticola, compar 
and aquilonia) and its sister-group, comprising the species B. canei and B. saxicola, from Tliicle 
(1993b). Note that if aquilonia were segregated as a species, the remainder of B. integrifolia would 
be rendered paraphyletic. 
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Thiele and Ladiges made it clear that they did not wish to define species to which 
some specimens could not be reliably assigned (due to intergradation). However, 
they also rejected an alternative taxonomic solution of segregating only the distinctive 
entity aquilonia for the implicit reason that this would create a paraphyletic species: 
'However, its terminal position in the cladogram precludes separating it as a distinct 
species without also raising the other taxa to species rank' (Thiele & Ladiges 1994: 
403). They did not actually mention the term 'paraphyletic', nor discuss directly the 
problems associated with paraphyletic taxa. Nevertheless, the B. integrifolia complex 
as described by them is directly analagous to the D. iilicifolia complex, because it is 
a monophyletic group comprising a paraphyletic basal group of incompletely 
differentiated geographic forms within which is nested at least one divergent, 
autapomorphic taxon that invites treatment as a species. 

Eucalyptus caesia 

Eucalyptus caesia (Myrtaceae: Leptospermioideae) is a mallee (many stems arising 
from a woody lignotuber) confined to granite outcrops in south-west Western 
Australia. It has several evident autapomorphies including pendulous inflorescences, 
pink or red flowers, distinctive urceolate fruit shape with a descending disc, and 
ovules in 6 rows (Hopper & Burgman 1983; Brooker & Kleinig 1990). Two subspecies 
are recognised, subsp. niagtia and subsp. caesia, the latter having been segregated 
because of its red flowers, pendulous branchlets and larger leaves, buds, flowers 
and fruits (Brooker & Hopper 1982; Brooker & Kleinig 1990). The granite outcrops 
that are its exclusive habitat are naturally isolated from one another by a few to 
many kilometers, and thus the populations are well-defined and lend themselves to 
phylogenetic anaysis. 


j—- E. cruets 

-—- Boyg 

- - MtCI 

- - MtSt 

- - Waly 

- - Hump 

- - Yanm 

- - Bily 

- - Chid 

- - SCht 

- WCht 

- Coor 

Fig. 4. Phylogeny of Eucalyptus caesia populations, derived by parsimony analysis using combined 
allozyme frequency and morphometric data (Hopper & Burgman 1983: fig. 3b). The tree is rooted 
using the outgroup E. crucis subsp. lanceolata. Key to populations, all in the wheatbelt of Western 
Australia; SCht, S of Chutawalakin Hill; WCht, W of Chutawalakin Hill; Chid, Chiddarcooping 
Hill; Coor, Coorancooping Hill; Yanm, Yanneymooning Hill; Waly, Walyahmoning Rock; Bily, 
Billyacating Hill; Hump, Tlie Humps; Boyg, Boyagin Rock; MtCl, Mount Caroline; MtSt, Mount 
Stirling. Note that E. caesia subsp. magm is monophyletic and subsp. caesia is paraphyletic. 


E. caesia 
ssp. 
caesia 


E. caesia 
ssp. 
magna 
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Using morphological and allozyme data, scored as both continuous and binary 
variables. Hopper & Burgman (1983) carried out phenetic and cladistic analyses of 
n populations representing both subspecies of E. caesia, with E. crucis subsp. lanceolata 
as the outgroup for the cladistic analyses. Their best estimate of phytogeny, derived 
by combining allozyme frequencies and morphometric data (Hopper & Burgman 
1983: fig. 3), showed subsp. magm to be monophyletic and nested deeply within 
subsp. caesia (Fig. 4). Subsp. caesia is paraphyletic, because subsp. magm is derived 
from an ancestral population of subsp. caesia (Hopper & Burgman 1983: 47). Therefore, 
the distinguishing features listed above should be interpreted as autapomorphies 
for subsp. magm. The authors of this study appeared quite comfortable with their 
conclusion that a recognised taxon (£. caesia subsp. caesia) was shown to be 
paraphyletic, and did not suggest any taxonomic rearrangement. 

Eucalyptus baxteri group 

The stringybark eucalypts are a monophyletic group restricted to mainland eastern 
Australia and characterised by an apomorphic bark type as well as distinctive hairs 
radiating from raised oil glands on the seedling leaves (Brooker & Kleinig 1983; Ladiges 
& Humphries 1986). In a cladistic analysis of the group using morphology of seedlings 
and adults, Ladiges and Humphries (1986) found a clade comprising £. deuaensis, 
E. baxteri and £. alpim. For the purpose of analysis, they recognised two forms within 
£. baxteri (South Australian and Victorian) and two within £. alpim (Mirranatwa Gap 
and Victoria Range). In their phylogeny, £. alpim was monophyletic but £. baxteri was 
paraphyletic, with the South Australian form sister-taxon to the Victorian form plus 
£. alpim. Morphometric studies on populations of £. baxteri (Marginson & Ladiges 
1988) found two distinct phenetic clusters corresponding with the above geographic 
forms, which were treated as two species: £. baxteri sens. str. and £. aremcea, sp. nov. 
However, no morphological autapomorphy was discovered for either segregate species. 
Subsequently, Whiffin & Ladiges (1992) investigated variation in leaf volatile oils among 
populations of £. aretiacea, E. baxteri sens. str. and £. alpim, using phenetics and dadistics 
based on distance data (leaf volatile oil composition cannot be expressed as discrete 
quantitative characters). Their sampling of populations of £. alpina was more 
comprehensive than in the previous studies. Although they obtained different 
phytogenies depending upon the tree-building method, all agreed that £. areriacea is 
monophyletic, whilst both £. baxteri sens. str. and £. alpim are paraphyletic (Fig. 5). 
Eucalyptus alpim was found to comprise three distinct (autapomorphic?), allopatric 
forms appearing to originate independently, either from within £. baxteri, or sharing a 
common ancestor with £. baxteri (Fig. 5). Each was described as a species (Ladiges & 
Whiffin 1993). This pattern, consisting of several distinctive, apparently autapomorphic 
species nested within a widespread, variable paraphyletic species is very similar to 
that shown by Daviesia ulicifolia (above). These authors did not explicitly discuss the 
consequences of knowingly circumscribing £. baxteri as a paraphyletic species, although 
to be fair they did not change its status —■ it had always been paraphyletic. 

Corallorhiza maculata 

In a detailed and comprehensive study, Freudenstein & Doyle (1994) constructed a 
well-corroborated phylogeny of 35 populations of Corallorhiza maculata (Orchidaceae) 
and two closely related species using restriction fragment variation of plastid DNA. 
All three species were recognised under the phylogenetic species concept because 
they were diagnosable by morphological characters. Plastome types corroborated 
these diagnoses. The plastid phylogeny showed C. maculata to be paraphyletic because 
both other species were nested within it. Acknowledging this, the authors were 
nevertheless prepared to recognise all three species. 
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Helianthus petiolaris 

Using restriction fragment polymorphisms of nuclear and chloroplast DNA, Rieseberg 
and Brouillet (1994) constructed a phylogeny of populations representing Helianthus 
neglcctus (Asteraceae: Astereae) and two subspecies of H. petiolaris. Helianthus annuus 
was used as the outgroup. This phylogeny showed H. negiectus as a metaspecies, 
H. petiolaris subsp. fallax as paraphyletic with respect to H. negiectus, and H. petiolaris 
subsp. petiolaris as paraphyletic with respect to both subsp. fallax and H. negiectus 
(Fig. 6). Not too much should be made of their result because only four character- 
state changes occur on a tree with 12 terminal taxa. Additional informative characters 
may well produce a different topology. 


Examples of metaspecies 

Phylogenetic analyses at the level of populations, as decribed above, are uncommon. 
In the absence of a broad-based sample of such studies, we have no reliable estimate 
of the overall frequency of paraphyletic species. An indirect estimate may be gained 
from the lack of identified autapomorphies in terminal taxa (species and subspecies) 
which have been included in cladistic analyses. A taxon lacking an autapomorphy is 
potentially paraphyletic, a 'metaspecies' (Donoghue 1985; de Queiroz & Donoghue 
1988). This simpler approach allows the possibility of using large samples. However, 
it is restricted to taxa for which there are phytogenies using species as terminal taxa. 
In the absence of a phylogeny there is no basis for judging whether a character fixed 
in a species is an autapomorphy or a retained plesiomorphy. 


E. arenacea 

E. alpina 2 

E. baxteri 

E. alpina 3 
E. baxteri 
E. alpina 1 


Fig. 5. Phylogeny of populations of Eucalyptus baxteri, E. arenacea and £. alpina, based on leaf 
volatile oil composition and derived using distance Wagner with Manhattan distance (Whiffin & 
Ladiges 1992; Figs 8a and 9a combined). E. arenacea is monophyletic, and both £. baxteri and 
£. alpina are paraphyletic. 
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Estimating paraphyly from absence of autapomorphy is subject to the following 
sources of error. First, a metaspecies may have a cryptic autapomorphy which 
remains undiscovered. In other words, a metaspecies is also potentially monophyletic. 
This will lead to overestimation of the number of paraphyletic taxa. Second, a 
feature that appears to be an autapomorphy in a species treated as an undivided 
taxon may prove to be homoplastic when cladistic analysis is done at a lower level. 


H. annuus 


H. petiolaris 
ssp. petiolaris 


H. petiolaris 
ssp. fallax 


H. neglectus 


Fig. 6. Phylogeny of populations of Helianthus petiolaris and H. neglectus (Rieseberg et al. 1991; 
Rieseberg & Brouillet 1994). This is the most parsimonious tree derived from chloroplast and 
nuclear ribosomal DNA restriction site polymorphisms (consistency index = 1). Outgroup is 
H. annuus. Note that H. neglectus is metaphyletic, H. petiolaris and its subsp. fallax are both 
paraphyletic, and H. petiolaris subsp. petiolaris is metaphyletic. 
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For example, trigonous leaves appear to be an autapomorphy for Daviesia idicifolia 
when it is assumed to be monophyletic as traditionally circumscribed (above). 
However, cladistic analysis using geographic forms as terminals nests three 
recognised species within D. ulicifolia: D. acicularis, D. aremria and D. microcarpa. 
None of these has trigonous leaves, so the character shows three homoplastic changes 
within the D. ulicifolia clade, and D. ulicifolia is shown to be paraphyletic. These two 
sources of error have opposite effects, respectively overestimation and 
underestimation of the number of paraphyletic species, although this is not to say 
that they will cancel out one another. 

With these caveats in mind, we have tabulated all known species and subspecies 
(206) from eight genera in two distantly related families (Appendix 1). These are 
Brachi/scma, Chorizcma and Daviesia (Fabaceae) and Alloxylon, Embothrium, Lomatia, 
Oreocallis and Telopea (Proteaceae). All have been subject to recent taxonomic revision 
and cladistic analysis at species level (Pate et al. 1989; Crisp 1990; Crisp 1991; Taylor 
& Crisp 1992; Weston & Crisp 1994; Crisp 1995a; Crisp 1995b; Crisp & Weston 1995). 
In this sample, methodological bias between taxonomic workers is minimised because 
all treatments involve Crisp as an author. Appendix 1 lists the hypothesized 
autapomorphies for every species and .subspecies. Where a taxon appears to lack an 
autapomorphy, we have listed its putative sister-group(s) whose formal recognition 
may render the metataxon paraphyletic. These data are summarised in Table 4. 

Telopea speciosissima (Proteaceae) is a good example of a metaspecies from Appendix 
1. As originally circumscribed, it possessed obvious autapomorphies in the enlarged, 
bright red involucral bracts of the conflorescence (see the cover of this journal), as 
well as toothed leaves, raised venation and pollen sculpturing. However, with the 
segregation of T. aspera on the basis of its autapomorphic harsh texture and rusty 
indumentum of the leaves (Crisp & Weston 1993; Crisp & Weston 1995), the 
autapomorphies of the old T. speciosissima became synapomorphies for a monophyletic 
group comprising both species (Weston & Crisp 1994). In its newer, restricted 
circumscription, T. speciosissima lacks an evident autapomorphy. Moreover, those 
populations of T. speciosissima which are geographically closest to T. aspera have a 
low density of rusty hairs on the leaves (Crisp & Weston 1993), and thus may be 
more closely related to T. aspera than to more distant populations of T. speciosissima. 
This hypothesis, though plausible, should be tested by cladistic analysis at the 
population level before T. speciosissima can be declared paraphyletic with confidence. 
Until then it should be considered a metaspecies. 

Within the same genus, T. oreades may also be paraphyletic. Its sister taxon is 
T. mongaensis, which has an autapomorphic absence of leaf sclereids (Weston & 
Crisp 1994). Absence of lobing in the early intermediate leaves is an apparent 
autapomorphy for T. oreades; however, this feature is very homoplastic within the 
subtribe Embothriinae (Weston & Crisp 1994) and recent morphometric studies have 
revealed a sporadic occurrence of lobes in some populations of T. oreades (Parrish & 
Crisp, unpublished). The geographic distribution of T. oreades populations also 
suggests paraphyly. Most populations occur in the east Gippsland region of Victoria; 
however, one highly disjunct population occurs sympatrically with the southernmost 
population of T. mongaensis, in New South Wales (Crisp & Weston 1987; Crisp & 
Weston 1993). In the area of sympatry, morphometric and molecular (RAPD) evidence 
indicate hybridization between the two species, and this site falls outside the main 
bioclimatic envelope of T. oreades (Parrish & Crisp, unpublished). Thus it seems 
likely that the disjunct population is more closely related to T. mongaensis than to the 
Gippsland populations of T. oreades, in which case, T. oreades would be paraphyletic. 
This hypothesis is currently being tested by molecular phylogenetic analysis of 
populations (Parrish & Crisp, unpublished). 
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Within the Fabaceae, both Daviesia mimosoides and D. buxifolia have been recognised 
by taxonomists for more than a century (Crisp 1991; Crisp 1995a). Whilst D. buxifolia 
has apparent autapomorphies in the crenulate, cordate leaves, D. mimosoides has no 
evident autapomorphy. Recently, on the basis of phenetic analysis. Crisp (1991) 
recognised a montane autapomorphic subspecies (acr/s) within D. mimosoides and 
segregated a metaspecies (D. elliptica) from D. mimosoides and D. buxifolia. All these 
taxa are well-defined clusters in morphometric space. Cladistic analysis of the whole 
D. latifolia group, including these phenetic taxa as terminals (Crisp 1991), shows the 
two subspecies of D. mimosoides to be the unresolved sister-group to a clade comprising 
D. buxifolia and D. elliptica. Thus, D.mimosoides may be paraphyletic with respect to 
D. buxifolia and D. elliptica, D. elliptica may be paraphyletic with respect to D. buxifolia, 
and D. mimosoides subsp. mimosoides may be paraphyletic with respect to subsp. acris. 

Overall, 21% of the species and subspecies examined lack autapomorphies and thus 
may be paraphyletic (Table 4). This reflects the proportion in the Fabaceae but tlie 
proportion of Proteaceae is greater (33%). However, as the Proteaceae sample is small 
(n = 24), not much should be made of this difference. Among genera, the proportion 
ranges from 0% {Embothrium) to 50% lOreocallis) but these extremes may reflect sampling 
error because they are the smallest genera (1 and 2 species respectively). More interesting 
is the difference between species (17%) and subspecies (50%), which a G-statistic test 
(Sokal & Rohlf 1981) shows to be significant (G = 12.268,1 d.f., P < 0.001). This result is 
unsurprising, because at the lower taxonomic level (subspecies), taxa are less likely to be 
fully differentiated, autapomorphic lineages. We have also tabulated a geographic 


Table 4. Summary of metataxa (spedes and subspedes lacking evident autapomorphies) in some 
genera from Proteaceae (tribe Embothrieae) and Fabaceae (tribe Mirbelieae) for which phylogenies 
are available. Tribal subtotals reflect only the genera listed in this table. In the last line of the 
table, 'other" includes central Australia, northern Australia and other parts of the world. For a full 
listing of taxa and their autapomorphies, see Appendix 1. 


Taxon 

Total 

taxa 

With autapomorphies 
(monophyletic) 

No autapomorphy 
(metataxa) 

Metataxa 

(%) 

Proteaceae: Embothrieae 

Alloxylon 

4 

3 

1 

25 

Embothrium 

1 

1 

0 

0 

Lomatia 

12 

8 

4 

33 

Oreocallis 

2 

1 

1 

50 

Telopea 

5 

3 

2 

40 

Subtotal 

24 

16 

8 

33 

Fabaceae: Mirbelieae 

Brachysema 

10 

7 

3 

30 

Chorizema 

27 

25 

2 

7 

Daviesia 

145 

114 

31 

21 

Subtotal 

182 

146 

36 

20 

Total (all taxa) 

206 

162 

44 

21 

Species 

180 

149 

31 

17 

Subspecies 

26 

13 

13 

50 

Eastern Australia 

51 

33 

18 

35 

Western Australia 

143 

120 

23 

16 

Other 

12 

9 

3 

25 
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comparison between eastern Australia and western Australia, excluding the central arid 
region and central-northern inonsoonal region (Top End')- Thus the comparison is 
between the humid and subhumid south-west on the one hand, and the humid and 
subhumid east coast and ranges on the other. These regions were divided by onset of 
aridity during the late Miocene-Pliocene, particularly the formation of the Nullarbor 
Plain. Interestingly, the proportion of metataxa in the west (16%) is less than half that in 
the east (35%). This difference is significant (G = 7.736,1 d.f., P < 0.01), and suggests that 
the history of speciation or subsequent differentiation has differed in the two regions. 


Discussion 

Species concepts predict paraphyly 

The examples given in this paper represent a common (perhaps universal) pattern of 
asymmetry between sister species. Hennig (1966: 59) recognised this asymmetry, and 
described it as the 'deviation rule'. A divergent, autapomorphic species is either sister 
taxon to a metataxon, or nested within a paraspecies. In this view, branch-points in 
phylogenetic trees are like a bush of twigs (metataxa) from which leaders (autapomorphic 
taxa) emerge (cf. de Queiroz & Donoghue 1990a: fig. 6). In fact, virtually all concepts 
that treat species as historical entities make an implicit or explicit prediction that some 
or all species are not monophyletic. Evolutionary and related species concepts (Wiley 
1981; Frost & Kluge 1995) treat permanently split lineages as species. It is not surprising 
that proponents of the lineage notion of species are preoccupied with exclusivity 
(de Queiroz & Donoghue 1988; de Queiroz & Donoghue 1990a; de Queiroz & Donoghue 
1990b; Baum & Shaw 1995; Graybeal 1995) because all newly established lineages probably 
are not exclusive (sensu Donoghue 1985), and thus either paraphyletic, metaphyletic, or 
even polyphyletic if reticulation continues (cf. Frost & Kluge 1995: fig. 3). The expectation 
is that they eventually become exclusive (by extinction of part of the paraphyletic or 
metaphyletic residue) and monophyletic (by acquiring new autapomorphies) (Rieseberg 
& Brouillet 1994; Baum & Shaw 1995; Frost & Kluge 1995; Graybeal 1995), but the 
prediction of initial non-monophyly discomfits many authors. Frost & Kluge (1995) 
reject exclusivity arguments as invalid reductionism from one 'scalar' level of explanation 
(species) to another (populations or individuals). However, to us it seems a logical 
extension to analyse species at the level of their subunits, such as populations or 
internodons (Kornet 1993a). To regard species as indivisible seems absurd. 

Under the phylogenetic species concept, any species that is diagnosed by at least 
one autapomorphy is expected to be monophyletic, but any species that is diagnosed 
only by plesiomorphies may be either metaphyletic or paraphyletic. The composite 
species concept goes further: it explicitly predicts that all species are paraphyletic 
groups of their subunits (internodons), unless they have spawned no descendant 
species (Kornet 1993b: fig. 5a). Moreover, Kornet's model predicts that most species 
give rise to descendant species, except a few that become extinct before they can do 
so. This is because composite species are viewed as branches from a main limb, 
rather than equally splitting branches, emphasizing the same asymmetry at speciation 
as recognised in Hennig's deviation rule (Kornet 1993a: 87). 

Only the monophyletic (autapomorphic) species concept disallows the possibility of 
non-monophyletic species, but at a high cost. Either species would not be mutually 
exclusive and ancestral species would include descendant species (Kornet 1993b: 
71), or it would be necessary to reject all species that lack autapomorphies, which 
would leave many organisms permanently unassigned to species. Both alternatives 
would be unacceptable to most biologists. 
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Asymmetric speciation 

Commonly hypothesized modes of speciation are allopatric, sympatric and peripheral 
isolation (Mayr 1982; Lynch 1989; Rieseberg et al. 1991; Theriot 1992). Allopatric 
speciation, in which a widespread ancestral species is split into vicariant 
(geographically isolated) populations which then differentiate and speciate, seems 
more likely to be symmetric, resulting in a pair of autapomorphic species. This is the 
speciation model usually assumed as a basis for cladistic vicariance biogeography 
(Nelson & Platnick 1981; Humphries & Parenti 1986; Cracraft 1989). However, 
sympatric speciation and peripheral isolation seem likely to result in the two daughter 
species that have populations very unequal in size. Lynch (1989) uses the admittedly 
arbitrary rule that if one species has a distributional area no more than 5% of its 
sister, this represents peripheral isolation rather than vicariance (allopatry). Similarly, 
local (sympatric) ecological differentiation and speciation of a small population under 
strong selection (Andersson 1990; Rohwer & Kubitzki 1993; Linder 1995) should also 
result in asymmetry. 

Thus some modes of speciation involve isolation of a small population. This may 
differentiate rapidly and evolve fixed differences from the parental population 
(autapomorphies) through processes such as founder effect, bottlenecks, genetic drift, 
selection and lineage sorting (Eldredge & Cracraft 1980; Wiley 1981; Rieseberg & 
Brouillet 1994). The much larger parental populations would be buffered against these 
effects, and so may persist for a long period without diverging from their ancestral 
condition. If the ancestral species were widespread, and had already fragmented into 
isolated, partly divergent populations, then the peripherally speciating population 
may be historically more closely related to an adjacent population than to other, more 
distant populations. In other words, the parental species would be paraphyletic. 

But is allopatric speciation necessarily symmetrical? If two relatively large populations 
become isolated from one another, divergence is likely to be gradual, and fixation of 
novel characters probably would occur some time after isolation. Thus some authors 
(Nixon & Wheeler 1992; Patton & Smith 1994; Rieseberg & Brouillet 1994) have 
suggested that species start out as a metaphyletic or paraphyletic group of populations 
(or even polyphyletic, due to reticulation) and only gradually become monophyletic 
(cf. Frost & Kluge 1995: fig. 3). Therefore, through any mode of speciation, whether 
symmetrical or not, either one or both daughter species is likely to appear at least 
temporarily non-monophyletic. 

Species concepts: a solution to the conundrum 

If species are no different from higher taxa (except in rank), and if taxa are forbidden 
to be paraphyletic or metaphyletic, then there is a paradox, because we have shown 
above that many species are unavoidably paraphyletic or metaphyletic. One solution 
would be to adopt the monophyletic species concept, and treat only demonstrably 
monophyletic species as taxa. Thus Donoghue (1985) and de Queiroz & Donoghue 
(1988) suggested marking metaspecies with an asterisk to identify them as different 
in kind from monophyletic species. This is tantamount to excluding paraphyletic 
and metaphyletic populations from species. Instead they would sit as unassigned 
residual populations at the base of higher (monophyletic) taxa. This treatment seems 
unacceptable to most systematists. It is clear that the great majority prefer to treat 
species as taxa, being part of the system to which all higher taxa belong. Therefore 
the only reasonable alternative is to drop the monophyly requirement for species. In 
other words, species may be considered taxa but with the special provision that they 
may be paraphyletic or metaphyletic. Is there a logical basis for defining species as 
special taxa? There would be if species had a property that made them different 
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from higher taxa. Such a property exists: it is their position at the base of the 
phylogenetic system. All higher taxa consist of at least two terminals (species) which 
share one or more apomorphies. (Monotypic higher taxa have only one species, 
which should have an autapomorphy.) However species, being basal in the system, 
are the generators of apomorphies. If speciation is the point at which apomorphies 
appear (= fixation of a new character), then this event irreversibly transforms the 
ancestral species from an autapomorphic (monophyletic) entity to a symplesiomorphic 
(metaphyletic) one. If species are the generators of new species, then they cannot be 
simultaneously monophyletic. Species are temporarily monophyletic if they have 
not yet spawned a daughter species. They are permanently monophyletic only if 
they have become extinct without leaving a descendant. A corollary of this special 
view of species is the notion that when species are conceived as part of lineages, 
speciation is not coincident with the splitting of lineages. It is the point at which 
autapomorphies evolve. Thus the appropriate model of speciation is an asymmetric 
one of branching off, not a symmetric one of splitting (Kornet 1993b). 

How frequent are paraphyletic species? 

From the discussion above it is clear that most species concepts predict a high 
frequency of paraspecies and metaspecies (except the monophyletic species concept, 
which evades the problem). Suppose that we segregate as a species any 
autapomorphic set of populations and segregate as another species the set of 
populations that is diagnosed only by lacking the autapomorphy. This procedure 
would be consistent with both the phylogenetic species concept and the composite 
species concept. It reflects the asymmetric model of speciation presented above. 
Both species are uniquely diagnosable but the first species would be monophyletic 
and the second either paraphyletic or metaphyletic. If this simple protocol worked 
in all cases, at least 50% of all species would be either paraphyletic or metaphyletic. 

However it is possible that two diagnosable sister-groups would each show a 
(different) autapomorphy. Both would be treated as species and both would be 
monophyletic. Such occurrences would lower the overall proportion of non- 
monophyletic species. This scenario does not require symmetrical splitting of lineages, 
since it may be assumed that there is some delay between lineage splitting and 
character fixation (Nixon & Wheeler 1992; Kornet 1993b). If this delay is very different 
in the two daughter lineages, then observation of both at the same time is likely to 
show one species to be autapomorphic and its sister group to be metaphyletic. 
However, even if there is such a difference, both lineages may be sufficiently old to 
have acquired an autapomorphy (i.e., speciated) when observed. (This assumes that 
neither lineage has split again in the meantime.) Thus the frequency of symmetrical 
versus asymmetrical speciation will depend partly on the probability of lineages 
splitting, relative to the probability of character fixation. If this ratio were high, then 
speciation would appear asymmetrical in most cases, and the proportion of non- 
monophyletic species could be well above 50%. If the ratio were low, then 
autapomorphic species pairs would be more common and the proportion of non- 
monophyletic species would lie closer to 0%. Note that if two allopatric populations 
have split permanently (cf. evolutionary species concept) but neither has yet acquired 
an autapomorphy, then we have no evidence for treating them as distinct species. 
For this reason, we would never expect 100% non-monophyletic species. 

In this paper we have presented several empirical examples of paraspecies and 
metaspecies. All these examples are plants, but animal examples arising from 
phylogenetic analysis at the population level exist too (Green & Borkin 1993; Melnick 
& Hoelzer 1993; Melnick et al. 1993; Hoelzer & Melnick 1994; Patton & Smith 1994). 
However, these are selected examples and give no clue to the frequency of non- 
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monophyletic species. Based on the frequency of metaspecies lacking evident 
autapomorphies, they may comprise a high proportion of all recognised species. 
Our partial survey of two angiosperm families suggests that 21% of species and 
subspecies are potentially paraphyletic. From a broad survey of speciation patterns 
in animals, Lynch (1989) concludes that 21% of animal species arose by either 
sympatric speciation or peripheral isolation, and thus are likely to have a 
complementary paraspecies (above). Ackery & Vane-Wright (1984) estimate the 
proportion of paraspecies to be 50% in the milkweed butterflies. All these estimates 
fall within the theoretical range (above), so are plausible. 

Biogeographic differences 

The empirical difference in the proportion of metaspecies between eastern (35%) 
and western (16%) Australia is intriguing, because it reflects variation within higher 
taxa that are common to both regions. Interspecific hybrids also appear to be more 
common in the east than in the west, e.g. within Daviesia (Crisp 1991). Perhaps both 
patterns are related to the same cause: a historical difference in mode of speciation 
in the two regions. By definition, a metaphyletic species has not diverged in 
morphology from its nearest ancestor. Therefore there is a good chance that it has 
not diverged reproductively from its relatives either, and it may be more likely to 
hybridise than a highly autapomorphic species. Further research should investigate 
what biogeographic differences may underly these east-west contrasts. 

Are paraphyletic species avoidable? 

Some cladists go out of their way to avoid recognising non-monophyletic taxa, even 
at species level. For instance, Thiele & Ladiges 0994) refrained from segregating the 
autapomorphic taxon aquilonia from Banksia integrifolia on the implicit grounds that 
the residual B. integrifolia would be paraphyletic (confirmed by K.R. Thiele, pers. 
comm.). Instead, they treated aqtiilonia as a subspecies, but this action probably only 
regressed the problem to a lower rank, that of subspecies. The remaining subspecies 
of B. integrifolia {compar, integrifolia and monticola) are not as distinct as aquilonia, and 
appear to be metaphyletic. This manner of avoiding paraphyletic species by regress 
does not solve the problem; it merely pushes it back to a lower rank. Another way 
of avoiding paraphyletic species would be not to recognise any taxon that leaves a 
paraphyletic residual. For example, no taxa might be recognised within B. integrifolia 
sensii lato, not even the autapomorphic However, this solution is unrealistic 

and unreasonable. Any well-corroborated, monophyletic taxon is worthy of formal 
recognition and sooner or later will be recognised. 

Some authors have suggested that paraphyletic taxa are an artifact of the Linnean 
system, because it prescribes mandatory categories (de Queiroz & Gauthier 1990; 
de Queiroz & Gauthier 1992). Under the rules of nomenclature, all organisms must 
be assigned to a species, genus and family. Therefore when a new family, genus or 
species is segregated from a taxon of the same rank, the rules require that the 
residual group be formally named at that rank too. If the segregant taxon is 
autapomorphic (i.e., monophyletic), then the residual is likely to be symplesiomorphic 
(i.e., paraphyletic). For example, the segregation of three autapomorphic species 
from the old Eucalyptus alpina (above) leaves a paraphyletic group of populations 
that must take a species name (in this case, E. baxteri). At higher ranks, say genus, 
the problem can be solved by splitting the residual group further into monophyletic 
taxa, each of which is named as a genus. However, at species level this solution is 
not possible — there are unlikely to be monophyletic groups within the residual. 
But even without the mandatory Linnean categories, paraphyletic taxa would be 
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created. Like Linnaeus, most taxonomists want to put organisms in pigeon holes. 
Complementary (paraphyletic) groups at all ranks have always been treated as taxa 
and continue to be spoken of, even by cladists, e.g. gymnosperms, dicots, algae, 
reptiles, dinosaurs, amphibians, fish. 

Returning to species, we conclude that there is not a problem with the recognition 
of paraphyletic and metaphyletic species. Problems arise only because some 
systematists want an all-inclusive concept of taxa that will allow all organisms to be 
assigned to a species using the same criteria as for higher taxa. However both theory 
and the discovered pattern of relationships among organisms show that no such 
universal criterion is possible. Species are different from higher taxa because they 
are basal, so a special criterion is justified. Paraphyletic and metaphyletic species are 
theoretically unavoidable, unless the autapomorphic species concept is adopted, in 
which case the problem is merely swept under the carpet. As we have concluded 
above, the appropriate species concept in a phylogenetic system is either the 
phylogenetic species concept or the related composite species concept. Both predict 
that some species will be monophyletic and others paraphyletic or metaphyletic. 

Implications for historical applications 

One of the arguments against recognising paraphyletic taxa is that they may be used 
in other biological applications with the assumption that they are monophyletic, e.g. 
Cracraft (1989). If the assumption of monophyly is invalid, does this invalidate the 
application? Let us consider cladistic biogeography. 

Cladistic biogeogeography attempts to discover historical patterns of areas manifest by 
congruence among the phytogenies of different taxa occurring in the same areas. Because 
of confounding factors such as failure of some taxa to speciate when areas differentiate, 
extinction, incomplete sampling and dispersal, some methodological rules are necessary. 
Component analysis (Nelson & Platnick 1981; Humphries & Parenti 1986; Page 1990) 
uses three 'assumptions' incorporating different rules (Nelson & Platnick 1981; Zandee 
& Roos 1987). For example. Assumption 0 treats widespread species (Fig. 7a) as if they 
(and the areas in which they occur) were monophyletic. If the species in question (and 
the history of the combined areas in which it occurred) were actually paraphyletic 
(Fig. 7a), this assumption would fail to reconstruct the area-phylogeny (Fig. 7c). 
Assumption 0 is inappropriate if a paraphyletic taxon occupies multiple areas because 
its ancestor failed to differentiate when the areas differentiated (Page 1989: 169). The 
more relaxed Assumption 1 treats widespread areas as either monophyletic or 
paraphyletic. Congruence with a well-corroborated pattern shown by another group 
with a monophyletic taxon in each area would then favour the well-corroborated solution 
(Fig. 7e), rather than a misleading one (Figs. 7c-d). Assumption 2, which considers 
possible polyphyly of areas, would also support the well-corroborated pattern. Tlierefore 
in this example at least, a paraphyletic species would not seriously mislead cladistic 
biogeography, at least under Assumptions 1 and 2. Rage & Jaeger (1995) argue that 
paraphyletic taxa can be used meaningfully in biogeography, the only deficiency being 
the information that is missing because part of the taxon has been excluded taxonomically. 

In simulations of macroevolution, Sepkoski & Kendrick (1993) found that paraphyletic 
taxa treated as if monophyletic did not seriously mislead estimation of speciation 
and extinction rates, except when sampling was poor. Smith (1994b: 88-91) states 
that paraphyletic taxa can be used validly in estimating patterns of taxon origination 
and standing species-level ['phenon-level'l diversity, but not extinction patterns. 
The latter restriction applies because paraphyletic taxa may disappear from the 
fossil record due to pseudoextinction, when a member of the paraphyletic group 
gives rise to an autapomorphic descendant taxon. 


834 


Telopea Vol. 6(4): 1996 




SAm Aust NZ NG 



SAm NZ Aust NG 



Fig. 7. Retrieving biogeographic pattern using a paraphyletic species, a. An unreduced area- 
cladogram derived from a taxon-cladogram with a paraphyletic species which is widespread in 
Australia (Aust) and New Zealand (NZ), a monophyletic species restricted to South America 
(SAm) and another monophyletic species which is restricted to New Guinea (NG). b, A well- 
corroborated estimate of the phylogeny of these areas, derived from the phylogeny of another 
taxon, c. Assumption 0, which assumes all taxa to be monophyletic, would retrieve this area 
cladogram from that in 7a. It conflicts with that in 7b. d-e. Both these area-cladograms (and that 
in 7c) would be allowed by Assumption 1; e is congruent with the cladogram in 7b, and would 
be favoured as a general area-cladogram. Assumption 2 would allow either (SAm,(Aust,NG)) or 
(SAm,(NZ,NG)). Both are combinable with 7b, which again would be the favoured solution. 
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We are sure that other examples can be constructed in which paraphyletic taxa 
would positively mislead an application in comparative biology, if they were falsely 
assumed to be monophyletic. However in many cases, such as the biogeographic 
example above, the problem may be no greater than the addition of a degree of 
uncertainty. More attention should be given to the influence of paraphyletic species 
to such analyses, because inevitably and unwittingly, paraphyletic species are being 
used as if they were monophyletic. 
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Appendix 1. Postulated autapomorphies in species and subspecies from genera in Proteaceae and 
Fabaceae for which phylogenetic information is available. The third column lists taxa whose 
taxonomic segregation might have rendered a taxon without an autapomorphy paraphyletic. 
(Sources: Pate et al. 1989; Crisp 1990; Crisp 1991; Taylor & Crisp 1992; Weston & Crisp 1994; Crisp 
1995a; Crisp 1995b, as well as original observations.) 


Taxon 

Autapomorphies Segregants 

Fabaceae: Mirbelieae 


Brachysema 


bracteolosum 

Enlarged sheathing bract 

celsianum 

Short wings 

lati folium 

Calyx lobes attenuate, almost valvate 

melanopetalum 

Petals purple-black 

minor 

None modestum 

modestum 

Stolon-like inflorescences; creamy pink petals 

papilio 

Crescentic leaf with pungent mucro 

praemorsum 

None? (pale leaf margins are not fixed) papilio 

sericeum 

None melanopetalum 

subcordatum 

Deep pink petals 

Chorizema 


aciculare 

Short shoots 

subsp. aciculare 

None subsp, laxum 

subsp. laxum 

Leaves not tightly revolute; petals creamy 

carinatum 

None spathulatum 

circinale 

Leaves circinate 

cordatum 

Pod distinctly stipitate 

cytisoides 

Bracteoles and calyx-lobes longer than calyx-tube 

dicksonii 

Orange-red petals; stigma with a tuft of hairs 

diversifolium 

Leaves herbaceous; keel obtuse or rounded 

genistoides 

glycinifolium 

Leaves shed at flowering 

Leaves heteromorphic, upper ones longer 
and narrower 

humile 

Leaves obovate to obcordate 

ilicifolium 

Leaf triangular with elongate apex 

nanum 

Plant and parts diminutive 

nervosum 

Leaf apex deflexed 

obtusifolium 

Blunt keel 

parvlflorum 

Racemes condensed 

racemosum 

Leaf margins revolute 

reticulatum 

Long erect stems; ovate leaves 

retrorsum 

Leaf prickles retrorse; style straight 
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Taxon 

rhombeum 

rhynchotropis 

spathulatum 

trigonum 

ulotropis 

undnatum 

varium 

Daviesia 

abnormis 

adcularis 

alata 

alternifolia 

anceps 

angulata 

apiculata 

arborea 

arenaria 

argillacea 

arthropoda 

articulata 

asperula 

subsp. asperula 

subsp. obliqua 

audax 

benthamii 

subsp. acanthodona 
subsp. benthamii 

subsp. humilis 

brachyphylla 

brevifolia 

bursarioides 

buxifoiia 

campephylla 

cardiophylla 

aff. cardiophylla 

chapmanii 

cordata 

corymbosa 


Autapomorphies 

Stigma oblique; leaves rhombic 

Long beak on keel 

Distal leaves enlarged 

Stems trigonous 

Curly keel 

Bracteoles ovate 

Leaves bullate; inflorescence condensed 

Branchlets white-hirsute; flowers cryptic 

Leaf margins toothed, revolute 

Bracts and calyx fimbriate 

Involucral bracts reddish, undulate, pubescent 

Leafless with biconvex cladodes 

None 

Apiculate leaf apex 

Arborescent habit; corky bark 

Leaf midrib prominent abaxially 

Leaves flat, glaucous, smooth; venation obscure 

Standard petal minute 

Petals persistent in fruit; pedestal at leaf base 

Leaves striate and scabrous 

None 

Leaves scimitar-shaped 
Parts very rigid and erect 
None 

Leaves reduced in size, branchlet-like 
None 

None 

Leaves very short, apically recurved (or none?) 
Leaves semi-articulate 

Characteristic branching; small obovate leaves 
Leaves crenulate, cordate 
Oddly shaped leaves, flowers and fruits 
None 

Large flowers 

Broad, very crowded leaves 
Phyllodes sagittate with attenuate apex 
Corymbose unit inflorescence 


Segregants 


polyphylla? 


subsp. obliqua 


purpurascens 

subsp. 

acanthodona 

? 


aff. cardiophylla 
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Taxon 

costata 

crassa 

crenulata 

croniniana 

daphnoides 

debilior 

subsp. debilior 

subsp. sinuans 

dedpiens 

decurrens 

dielsii 

dilatata 

discolor 

divaricata 

elliptica 

elongata 

subsp. elongata 

subsp. implexa 

emarginata 

epiphyllum 

eremaea 

euphorbioides 

filipes 

flava 

flexuosa 

genistifolia 

glossosema 

gracilis 

grahamii 

grossa 

hakeoides 

subsp. hakeoides 

subsp. subnuda 

hamata 

horrida 

incrassata 

subsp. incrassata 

subsp. reversifolia 


Autapomorphies 

Calyx 10-ribbed; standard very broad 
Clavate, pith-filled leaves 
Involucral bracts semi-pungent 
Fascicled leaves 
None 

None (or clawless bracts?) 

None 

Leafless, branchlets curly 
Winged stems; pod reddish to purplish 
Decurrent phyllodes 
Curly indumentum 

Dilated hooked leaves; cluster-like inflorescence 
None 

Divaricate branching; paired markings on standard 
None 

Long narrow involucral bracts 
None 

Spiral leaves; reduction of bracts 
Emarginate leaves 

'Stag-horn' phylloclades; large red flowers 

Long, slender leaves and pedicels 

Bizarre cactus-like growth form 

Two distinctive longitudinal secondary veins 

Unit inflorescence racemose with apical umbel 

Flexuose habit; pod purple-spotted 

None 

Unique floral morphology with linguiform standard 

Upper two calyx lobes deeply divided 

Stipules developed 

All parts large and coarse 

None 

None 

Leaves minute, spine-like 
Leaves rigid, short, hooked 
Dimorphic habit 

Leaves continuous with branchlets 
None 

Flexuose habit and reflexed leaves 


Segregants 


emarginata 
pseudaphylla 
subsp. sinuans 


arborea 


buxifolia 

subsp. elongata 


asperula? 


7 

subsp. subnuda 


subspp. 

reversifolia, teres 
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Taxon 

subsp. teres 

inflata 

intricata 

subsp. intricata 

subsp. xiphophylla 

laevis 

landfolia 

la tifolia 

laxiflora 

leptophylla 

lineata 

longifolia 

major 

megacalyx 

mesophylla 

microcarpa 

microphylla 

mimosoides 

subsp. acris 
subsp. mimosoides 
mollis 

nematophylla 

newbeyi 

nova-anglica 

nudiflora 

subsp. amplectens 

subsp. drummondii 

subsp. hirtella 

subsp. nudiflora 

obovata 

oppositifolla 

ovata 

oxyclada 

oxyloblum 

pachyloma 

pachyphylla 

pauciflora 


Autapomorphies 

All leaves terete 
Inflated pod; pale calyx lobes 
Intricate habit; leaves widely spreading 
None 

Crowded dagger-like leaves 

Reticulate venation obscure; rachis short 

Resinous with characteristic odour 

Crenulate leaves 

None 

None 

Leaves < 1 mm diam., finely striate; flowers 1-2 
Upper calyx-lobes outcurved 
Pod viscid 

Leaves narrow-obovate, bright green; flower 1 
Habit procumbent; summer-flowering; long pedicel 
Leaves angular-terete; unbranched 
Branchlets short, spinescent, divaricate 
None 

Leaves obovate or elliptic 
None 

Softly hirsute 
Leaves terete and sinuous 
Pedicel bent; bracts canaliculate 
Slightly enlarged bracts 
None 

Amplexicaul leaves 

None 

None? 

None? 

Leaves spathulate, glaucous, wrinkled 
Coriaceous, cucullate involucral bracts 
Leaves ovate or elliptic 
Rigid spinescent branchlets 
Leaf shape, especially striations 
Conspicuous stipules; thickened leaf margins 
Bizarre pith-filled leaves; waxy bloom 
Wings centrally constricted; flowers 1-3 


Segregants 


subsp. xiphophylla 


D. latifolia clade 

grahamli and 
newbeyi 


buxifolia and 
elliptica 

subsp. acris 


uniflora 

7 

subsp. nudifloral 
subsp. hirtella? 
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Taxon 

pectinata 

pedunculata 

physodes 

pleurophylla 

podophylla 

polyphylla 

preissii 

pseudaphylla 

pterodada 

pubigera 

purpurascens 

quadrilatera 

quoquoversus 

ramosissima 

redinata 

retrorsa 

rhizomata 

rhombifolia 

rubiginosa 

sarissa 

subsp. redacta 

subsp. sarissa 

scoparia 

smithiorum 

spedosa 

spinosissima 

spiralis 

squarrosa 

striata 

stricta 

suaveolens 

teretifolia 

tortuosa 

triflora 

trigonophylla 

ulidfolia 

umbellulata 

undnata 


Autapomorphies 

Prominent vein near adaxial margin; long rachis 
Branchlets pruinose; long peduncles; viscid pedicels 
None 

Straw-coloured nodes and ribs 

Pseudopetiole 

Reduced Inflorescences 

Leaves falcate, narrowed towards base 

Standard abaxially dark purple with yellow streak 

Leafless winged cladodes 

Leaves very convex; distinctive rachis 

Plant purplish; pods semiglobose 

Branchlets angular; Inflorescence umbelllform 

Irregular hairs 

Intricate, arching branchlets; large flowers 

Robust rachis; accrescent papery calyx 

Retrorse leaves; small pod 

Clonal, rhizomatous habit 

Rhombic leaves; fascicled inflorescence 

Plastic leaves; caducous bracts 

Thick smooth rigid leaves; bract striations 

None 

Bracts concealing inflorescence 

Broombush habit 

Pruinose stems; hooked leaves 

Bizarre growth habit; big red flowers 

Leaves very crowded with thickened bases 

Spiral phyllodes 

Upper calyx-lobes falcate 

Pruinose; leaves to 6 mm broad 

Calyx accrescent, viscid, lobes recurved 

Reduced inflorescence; long calyx-lobes 

None 

Zigzag growth habit; wrinkled inverted leaves 

Inflorescence 3-flowered 

Triquetrous leaves 

None 

None 

Hooked leaves; acicular-beaked keel 


Segregants 

oxydada 


subsp. sarissa 


grossa 


See text 
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Taxon 

Autapomorphies 

Segregants 

uniflora 

Leaves appressed with recurved tips; 
peaked standard 


villifera 

None 

quoquoversus 

wyattiana 

Linear leaves; long pedicels and peduncles 


Proteaceae: Embothrieae 

Alloxylon 

brachycarpum 

None 

flammeum 

flammeum 

First seedling leaves trifid 


pinnatum 

Adult leaves pinnate to pinnatisect; venation 
eucamptodromous; leaves concolorous 


wickhamii 

Perianth dilated 


Embothrium 

cocdneum 

Pollen biporate, with looped elements 


Lomatia 

arborescens 

None 

myricoides, fraseri 

dentata 

Gynoecium densely hairy; conflorescence reduced; 
stomata in crypts 


ferruginea 

Conflorescence basipetal; phyllotaxis decussate; 
flowering SGUs all axillary; leaf abaxially rough; 
perianth maroon & yellow 


fraseri 

Auxilliary conflorescences present; 
leaf hairy abaxially 


fraxinifolia 

None 

? 

hirsuta 

Cataphylls clustered and broad; 
phyllotaxis distichous 


ilidfolia 

Prominent leaf venation 


myricoides 

Long narrow leaves 


polymorpha 

Leaf hairy abaxially 


silaifolia 

None 

ilidfolia 

tasmanica 

Perianth maroon 


tinctoria 

None 

7 

Oreocallis 

grandiflora 

None 

mucronata 

mucronata 

Axes glaucous; flower buds erect; flowers pale 


Telopea 

aspera 

Leaves harsh, rusty hairy 


mongaensis 

Sclereids absent 


oreades 

None 

mongaensis 

speciosissima 

None 

aspera 

truncata 

Bent styles; bracts rusty hairy 
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Some guiding principles of biogeography 

Robert F. Thorne 


Abstract 

Thorne, Robert F. (Rancho Santa Ana Botanic Garden, 1500 North College Avenue, Claremont, 
California 91711, United States of America) 1996. Some guiding principles of biogeography. Telopea 
6(4): 845-850. Some years ago, as a response to the proponents of the currently popular 
vicariance biogeography and in defence of classical biogeography, 1 drew up a set of guiding 
principles of biogeography. Until now this set has remained unpublished. These statements of 
the obvious are guidelines that good biogeographers have been using through the centuries. 
They are here reorganized and elucidated by some pertinent examples, and submitted in 
honor of Dr. Lawrie Johnson who has exemplified many of them in his botanical publications 
(as Johnson & Briggs 1984, HiU & Johnson 1995). 


Introduction 

Some years ago in a Southern California Botanists symposium on biogeography at 
Fullerton, California, I was asked to defend classical biogeography against the then 
current onslaught of the 'vicariantists.' A few years earlier a group of museum 
zoologists, mostly ichthyologists, having discovered the prolix works of the botanist 
Croizat and the cladistic writings of the German zoologist Willi Hennig, had decided 
that all the biogeographers that had gone before were 'Darwinian dispersalists 
(Rosen in Nelson & Rosen 1981) and essentially obsolete (Nelson in Nelson & Rosen 
1981), and that now Biogeography based on the suggestions of Hennig and Croizat 
could become a True Science. This development was not a new phenomenon. Every 
ten years or so new procedural bandwagons, crowded with young zealots, appear 
on the biological scene to put the discipline on a Solid Scientific Basis. Their new 
techniques, often quite useful, new buzzwords, and new pantheon of biological 
gods, reign supreme at the U. S. National Science Foundation and in many university 
departments until the next bandwagon comes along to displace them. 

To present classical biogeography fairly and to show that vicariance biogeography 
was not entirely new, 1 presented in the symposium as many of the guiding principles 
of biogeography as 1 could assemble. I made no claim for the originiality nor the 
completeness of these principles, which are, of course, only statements of the obvious. 
They are guidelines that good biogeographers have been using through the centuries 
in their efforts to understand the distribution of plants and animals through time 
and space on our planet. 1 have since then reorganized these principles and assembled 
more pertinent examples to elucidate them. Any suggestions for their improvement 
or the addition of further principles will be gratefully received. 


Guiding principles 

1. Biogeographic inferences and conclusions should be based upon the study of 
the known past and present geographic distribution of all biotic groups, both 
plant and animal. 

This would seem to be the most important dictum of all (Thorne 1963). Unfortunately, 
a couple of the vicariance biogeography books (Nelson & Platnick, 1981; and some 
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authors in Nelson & Rosen, 1981) are seriously lacking in references to modern plant 
geographic literature other than works by Croizat. Possibly this omission is due to 
ignorance of botanical literature, but more likely it is due to disregard of 'dispersalist' 
writings. As a botanist, I have found zoogeographic literature satisfying reading and 
highly informative; the vicariantists might find recent phytogeographic literature 
equally enlightening. For them, at least, it would seem good strategy to know what 
their rivals were up to. 

2. Only carefully revised groups should be used in ascertaining biogeographic 
patterns, tracks, or regions. And only reliable distributional data should be used 
in the construction of distribution maps. 

Faulty taxonomy can result in equally faulty biogeography. The case of Miconia 
africam Jacques-Felix is especially pertinent here. This species was the only reputed 
African representative of the very large tropical American melastome genus Miconia 
Ruiz & Pavon. Wurdack (1970) found that the type and only collection was actually 
a Brazilian Leandra Raddi of the same family. Presumably a misplacement of labels 
was involved. Instead of the African melastomes showing linkage with tropical 
America, Wurdack has assured me (pers. comm.) that they are actually strongly 
related to those of tropical Asia. 

Giulietti and Meikle (1982) examined a problematic transatlantic disjunction in Paepalanthus 
Kunth of the Eriocaulaceae. Tlie reported West African P. pulvinatns N. E. Br. proved to 
be synonymous with P. hispidissimus Herzog of northeastern Brazil and to be doubtfully 
present at aU in Africa. Again a misplacement of labels seems indicated. 

Tire map of Distyliiim Siebold & Zucc. of the HamameUdaceae presented by Balgooy 
(1966) shows a startling disjunction of the genus between southeastern Asia and Central 
America. However, when Endress (1969) examined tlie Mexican - Central American 
material, he found it to be a distinct genus Molimdendron Endress, not at all closely related 
to Distyliiim. Balgooy can hardly be blamed for accepting Standley's earlier placement of 
this species in Distyliiim. Similarly, 1 understand that the described Central American 
species of the buxaceous Sarcococca Lindley does not belong to that Asiatic genus. 

3. Studies in the museum, herbarium, laboratoiy, and library, though surely necessary 
and highly informative, cannot adequately substitute for field studies. 

Bottled or dried specimens, skins or skeletons, can hardly inform us of the natural 
history of the organism to the extent that living specimens in nature can. Field work 
continuously reveals phyletically and geographically important missing links. It is not 
just a coincidence that the greatest biogeographers of all time, Darwin, Diels, Engler, 
Guppy, Hooker, Hulten, Humboldt, Linnaeus, Mayr, Merrill, Ridley, Setchell, Simpson, 
and Wallace, among others, were or are great travellers and naturalists. A visit to a 
park or zoo is no substitute for a biological expedition. It was not until 1 saw 
Canicomyricn Guillaumin in New Caledonia that 1 could believe that the genus really 
belonged to the Myricaceae. Seeing apocarpous species of Clossopctalon A. Gray in the 
Mojave Desert ranges helped convince me that the genus belonged in Crossosomataceae 
rather than Celastraceae where traditionally placed (Thorne & Scogin 1978). 

4. The proper understanding of present biogeography must, so far as possible, be based 
upon thorough knowledge of the known fossil record, past climates, and plate tectonics. 
Ciurent distribution of a taxon is not necessarily indicative of its past distribution. 

In fact, the current range may be quite misleading. Many archaic species today occupy 
a small fraction of their former ranges. Without an adequate fossil record the 
understanding of the present range might be very difficult, if possible at all. The 
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known present and past ranges of such gymnospermous genera as Araucaria Juss., 
Cephalotaxus Siebold & Zucc., Cryptomcria D. Don, Cumiinghamia R. Br., Ginkgo L., 
Glyptostrobiis Endl., Metasequoia Miki, Sequoia Endl., and Sequoiadendron Buchholz (Florin 
1963) and dicotyledonous genera like Cercidiplnjllum Siebold & Zucc., Eucommia Oliver, 
Euptelea Siebold & Zucc., Gunnera L., Nelumbo Adans., Nypa Steck., Pterocarya Kunth, 
Si/mplocos Jacq., Tetracenlron Oliver, and Trapa L. (Krutzch 1989, Thorne 1972,1989) are 
splendid botanical examples. Obvious zoological examples are furnished by the present 
indigenous distribution of the camels and horses, shown by paleozoologists to have 
evolved in North America before becoming extinct there in Pleistocene time. 

5. In the study of patterns of biotic distribution there must be thorough 
understanding of the spread potential (vagility or dispersal) of diverse biotic groups. 
Extrapolation from knowledge of a single group can be most misleading. 

An icthyologist working with only primary-division fresh-water fishes might indeed 
think that long-distance dispersal is equally impossible for all organisms if he does 
not acquaint himself with the biology of other plant and animal groups. 1 suspect 
the antagonism displayed by vicariantists toward long-distance dispersal and toward 
oceanic islands stems from their preoccupation with nonvagile animal or plant groups. 
The relatively recent dispersal of the African cattle egret to and within the New 
World has been somewhat disconcerting for the more extreme vicariantists. 

6. Because of continental displacement and changing climates, oceanic currents 
and changing sea-level, or because of their great vagility, biotic groups have ranged 
widely and often very rapidly over the earth's surface, a few species, some genera, 
and many higher categories becoming subcosmopolitan in range. 

Some groups, like pelagic or migrating birds, normally range widely and rapidly. 
Many aquatic plants are widely dispersed about the world to suitable wetland habitats 
by water or shore birds. 1 have mapped or listed elsewhere (Thorne 1972) 
Ceratophyllum demersum L., Montia fonfana L., Najas marina L., Phragmites australis 
(Cav.) Trin., Potarnogeton pcctinatus L., and many other subcosmopolitan aquatics. 
Many weedy species have become subcosmopolitan due to transportation similarly 
by man, his livestock, fodder for his livestock, farm implements, or ballast. Other 
biotic groups disperse hardly at all over long periods and remain narrowly endemic, 
either due to low vagility or to nonavailability of suitable habitats. 

7. The closest living relatives of a phyletically unplaced taxon are more likely than 
not to be found in the same or adjacent areas rather than on distant continents. 

This principle of phytogeographic plausibility has enabled me to place a number of 
anomalous angiosperm taxa and recognize such apparently natural groupings as the 
Bruniales of southern Africa and Madagascar; Stilbaceae of the Cape Region of 
South Africa, Balanopales in the Rosanae; Drosophyllum Link and Triphyophyllum 
Airy Shaw in the Nepenthineae; and Simmondsia chinensis (Link) C. Schneider in the 
Euphorbiales (Thorne 1975, 1977, 1983, 1985, 1989, 1992). 

8. Major disjunctions on or between continents, when part of a repeated pattern, are 
usually due to normal short-distance dispersal with subsequent major disruption in 
range caused by catastrophic events, geologic or climatic. 

Such catastrophic events are now called vicariance events, some vicariantists thinking 
they have discovered an entirely new approach to biogeography. Biogeographers 
have been using such explanations for centuries. It is true, however, that the revolution 
in geomorphological thinking, namely plate tectonics, has added a significant 
dimension to our vicariance explanations (Thorne 1973, 1978). 
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9. Similar major disjunctions involving oceanic islands and many transoceanic ranges, 
on the other hand, generally involve long-range, overseas dispersal including 
transport by aboriginal or modem man. 

The fragmentary, disharmonic nature of the biota and the high proportion of 
endemism on oceanic islands are indicative of this waif origin of highly vagile 
organisms from many directions, often over long periods of time (Balgooy 1971, 
Barlow & Schodde 1993, Fosberg 1948, Thorne 1963, Zimmerman 1948). Many 
transoceanic range disjunctions, as those involving Africa and South America (Thorne 
1972, 1973, 1978) seem to require long-distance dispersal as the most reasonable 
explanation. Similarly, the rather common western North American-temperate South 
American transtropical disjunction is best explained by long-distance dispersal, 
probably by shore- or water-birds (Raven 1963, Thorne 1970, 1978, 1986). 

10. Coincidence in biogeographic patterns, tracks, or range disjunctions, though often 
suggestive, does not guarantee that two or more taxa have similar dispersal histories. 

Often taxa with similar ranges or disjunction patterns have achieved those ranges 
from different source areas, at different times, by different vectors, and by different 
routes. Thus each taxon should be studied on its own merits. The primary goal of 
vicariantists to identify similar patterns is commendable, but to attempt to explain 
all similar patterns by the same vicariant event is overly simplistic. The bipolar 
disjunct distributions of Empctrum L., Hippuris L., Littorella P. Bergius, and other 
genera probably indicate long-distance dispersal from northern North America in 
Pleistocene or later time. However, Euphrasia L. is, at least, an exception to this 
probable route and explanation. According to Du Rietz (1960) and Barker (1986), the 
South American species of the genus are more closely related to the western and 
southern Pacific species than they are to the boreal North American species (Thorne 
1972). A similar Gondwanic distribution pattern to that of Euphrasia is discussed by 
Wilson (1986) for various alpine species of Cyperaceae and Juncaceae. 

11. Interpretation of range disjunctions must involve careful reference to a time frame, 
probable time of origin of the group under study as well as the time when the 
suspected catastrophic event, continental displacement, mountain building, inundation 
by epicontinental seaway, glaciation, desertification, etc. might have occurred. 

It is naive to argue that separation of conrinents explains a major continental disjunction 
when the group concerned had apparently not evolved until after the continental 
disjunction. This has been done regularly for tropical African - tropical American 
disjuncts, even for Rhipsalis baccifera (J.S.Miller) Steam, so obviously specialized for 
bird dispersal in its succulent, white berries with viscous pulp (Thorne 1973). 

12. Degree of differentiation between vicariant groups of two disjunct areas reflects 
the amount of evolution that has occurred since the origin of the sister groups from 
a common ancestor and veiy roughly the time that has been available for that evolution. 

Understood, of course, is the truism that evolutionary rates do vary greatly among 
different organisms and different organs of different taxa. Nonetheless, subspeciation 
and speciation surely take place much more rapidly than the evolution of genera, 
tribes, subfamilies, families, or even higher categories. The separation of South 
America from Africa, suggested from 100 to 90 million years ago, is not necessarily 
a valid explanation for those species and genera, and even perhaps most families, 
that are transatlantic in their ranges. It may well be the explanation for those 
caryophyllalean families that are endemic or largely so to Madagascar, Africa, and 
America. The protocaryophyllalean ancestors were probably isolated on the resulting 
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continental masses by the breakup of West Gondwana, then evolved into those 
families now totally or largely restricted to them, as the Didieriaceae in Madagascar, 
the Aizoaceae, especially the mesembyanthemoid taxa, in Africa, and Cactaceae and 
other families in the American continents and islands (Thorne 1978). 

13. The lower the rank of a taxon under consideration, generally the more instructive 
may be its disjunct range. 

Higher categories have had so much time to disperse about the earth's surface that 
often they tell us little about the causes of their disjunctions. Disjunct species or 
genera, depending upon their degree of vagility and the prevalence of their pattern 
of disjunction, can tell us much about how and possibly when the disjunction took 
place. Among other things lower categories can be analyzed biosystematically, 
biochemically, or through molecular studies. 

14. Parsimony, which is a fashionable term for Occam's razor, though highly 
logical, is not necessarily how evolution has taken place nor how patterns of 
distribution and disjunction have developed in space and time. 

It is surely parsimonious to explain all transatlantic disjunctions by the breakup of 
West Gondwana but it is not realistic to ignore the time frame of events, the categorical 
ranks of the taxa under study, nor the spread potential of said taxa. Mother Nature 
unfortunately does not always operate on a parsimonious basis. 

15. Though often fascinating to the practioner, the techniques and procedures 
used in developing biogeographical conclusions should not become more important 
than the results achieved. 

We must avoid losing sight of the biogeographical forest because of concentration 
on procedural trees. A corollary here is that buzzwords, though impressive additions 
to our trendy vocabulary and often very helpful in obtaining substantial grants 
for our research, cannot substitute for careful accumulation and synthesis of 
biogeographical information, inductive reasoning, and application of prudent good 
judgment in our efforts. 


Conclusion 

The principles just discussed should show that the division of biogeographers 
into 'dispersalists' and 'vicariantists' is not only artificial and arbitrary, but 
counterproductive for our science. We should appreciate the efforts of our peers and 
dispense with fanciful hypotheses and polemics. Vicariance biogeography has new 
ideas and new techniques to offer that can be useful to all of us. At the same time, 
there is no need to empty our biogeographic tool-chest just to accept one more new, 
shiny, useful tool. The chest is a big one with plenty of room for many more useful 
tools, including cladistics and molecular taxonomy. 
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Advances in systematic knowledge 
of Australian Loranthaceae and Viscaceae: 

a review 

Bryan A. Barlow 


Abstract 

Barlow, Bryan A. (Australian National Herbarium, CSIRO Division of Plant Industry, GPO Box 
1600, Canberra, ACT 2601, Australia) 1996. Advances in systematic knowledge of Australian 
Loranthaceae and Viscaceae: a review. Telopea 6(4): 851-862. Better understanding of taxonomy 
and relationships of Australian Loranthaceae and Viscaceae has contributed significantly to 
views on endemism and migration in these families and in the Australian flora generally. 


Introduction 

When they are broadly defined as perennial aerial parasitic angiosperms attached to 
tree branches, almost all mistletoes in Australia belong to the families Loranthaceae 
and Viscaceae. Because of the unusual and very interesting biology of these 
plants, they have become a model group for a broad range of studies, encompassing 
host-parasite physiology, host-parasite co-adaptation, dispersibility and biogeography. 

Over the last 40 years systematic knowledge of Loranthaceae and Viscaceae has 
advanced greatly, in parallel with advances in knowledge of mistletoe biology. Lawrie 
Johnson has maintained a long interest in these plants, and through his herbarium 
work has contributed to the framework of our present systematic knowledge of them. 


Taxonomy of Australian Loranthaceae and Viscaceae — overview 

Over the last century the taxonomic history of Loranthaceae and Viscaceae has 
been exceedingly turbulent. It has led to the accumulation of a very large number of 
names now placed in synonymy, and to very complex tasks of systematic and 
taxonomic resolution. 

Since Lawrie Johnson first became interested in mistletoes, even their family status 
has changed. Until about 1970, Loranthaceae and Viscaceae were generally treated 
as subfamilies of a single family Loranthaceae. Significant differences in embryology 
(Maheshwari et al. 1957), karyology (Barlow 1963) and morphology (Kuijt 1968) 
provided strong evidence for their restoration as distinct families, as earlier proposed 
by Batsch (1802), Miers (1851) and Agardh (1858). Contemporary students of higher- 
level angiosperm classification all accepted their status as distinct families (Thorne 
1976, Takhtajan 1980, Dahlgren 1980, Cronquist 1981). On morphological grounds 
there are reasonable arguments that the families are not even directly related (Kuijt 
1968, 1969). Kuijt (1968) also segregated a third family Eremolepidaceae (not in 
Australia) from Viscaceae. 

In early taxonomic inventories, most species were referred to two large genera, Loranthus 
and Viscutn. This was the situation when the first floras of Australia (Bentham 1867) 
and the various States were prepared. However in many papers, mostly published 
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between 1894 and 1896, Van Tieghem distinguished numerous segregate genera and 
new species. Many of Van Tieghem's critical observations on inflorescence and flower 
structure provided the framework of the current taxonomic treatments of the two 
families. However Van Tieghem's descriptions were usually cryptic, and his use of 
diagnostic characters for generic delimitation was often mechanical. Largely through 
the influence of Engler and Prantl (1894, 1897), Van Tieghem's genera were mostly 
reduced to sectional rank or lower, and the two large genera Loranthus and Visciim 
remained in favour. 

Credit for resolution of these extreme taxonomic treatments belongs largely with 
Danser (1929,1933), who critically reviewed Van Tieghem's work, and apphed generic 
concepts which were consistent with those used elsewhere at the time. Although 
Danser did not accept Loranthaceae and Viscaceae as distinct families, his work has 
provided the framework for the current generic treatment of these two families. 
Today Loranthaceae are accepted as comprising about 74 genera and 1300 species, 
and Viscaceae 7 genera and about 400 species (Kuijt 1989). 

The most recent taxonomic research in Loranthaceae and Viscaceae (in papers too 
numerous to cite) is by J. Kuijt (new world), B.A. Barlow (Asia-Australasia) and 
R.M. Polhill and D. Wiens (Africa). For the most part, this work has refined the generic 
and specific framework established by Danser. The most significant developments are 
the addition of many species discovered as new to science since Danser's time, and 
the recognition of a number of new genera (which approximately balances the number 
reduced to synonymy). 

The taxonomic history of Loranthaceae and Viscaceae in Australia conforms with 
the broader development outlined above, and is summarized in Tables 1 and 2 
(which exclude taxa of Norfolk and Lord Howe Islands). The first comprehensive 
treatment of mistletoes for Australia was that of Blakely (1922a, 1922b, 1922c, 1923, 
1924, 1925, 1928), and it followed Engler and Prantl's (1897) system which placed 
most species in two large genera Loranthus and Viscum. 


Table 1. Australian genera and species of Loranthaceae (sens, str.), as recognized by successive 
students of the family. Epithets shown in italics under Danser indicate species accepted by 
him but not known from Australia at the time. 


Blakely 

(1922-1925) 

Danser 

(1929-1938) 

Barlow 

(1962-1993) 

ATKINSONIA 

ATKINSONIA 

ATKINSONIA 

ligustrina 

ligustrina 

ligustrina 

NUYTSIA 

NUYTSIA 

NUYTSIA 

floribunda 

floribunda 

floribunda 

PHRYGILANTHUS 

PHRYGILANTHUS 

MUELLERINA 

celastroides 

celastroides 

celastroides 

eucalyptoides 

eucalyptoides 

eucalyptoides 

myrtifolius 

myrtifolius 

myrtifolia 

bidwillii 

bidwillii 

bidwillii 



CECARRIA 

- 

obtusifolius 

obtusifolia 
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Blakely 

(1922-1925) 

Danser 

(1929-1938) 

Barlow 

(1962-1993) 

LORANTHUS 

AMYLOTHECA 

AMYLOTHECA 

dictyophlebus 

dictyophleba 

dictyophleba 

- 

- 

subumbellata 



DECAISNINA 

- 

hollrungii 

hollrungii 

signatus var. 

signata 

congesta 

- 

- 

angustata 

biangulatus 

biangulata 

biangulata 

brittenii 

brittenii 

brittenii 

- 

- 

triflora 

signatus 

signata 

signata 


LYSIANA 

LYSIANA 

exocarpi var. 

vittata 

spathulata 

exocarpi 

exocarpi 

exocarpi 

exocarpi var. 

exocarpi 

subfalcata 

- 

- 

maritima 

casuarinae 

casuarinae 

casuarinae 

- 

- 

filifolia 

linearifolius 

linearifolia 

linearifolia 

murrayi 

murrayi 

murrayi 


DACTYLIOPHORA 

DACTYLIOPHORA 

- 

novaeguineae 

novaeguineae 


DENDROPHTHOE 

DENDROPHTHOE 

odontocalyx v. 

falcata 

curvata 

vitellinus var. 

faicata 

glabrescens 

vitellinus 

falcata 

vitellina 

odontocalyx 

falcata 

odontocalyx 

homoplasticus 

homoplastica 

homoplastica 


AMYEMA 


acacioides 

acacioides 

acacioides 



BENTHAMINA 

alyxifolius 

alyxifolia 

alyxifolia 



AMYEMA 

benthamii 

benthamii 

benthamii 

ferruginiflorus 

ferruginiflora 

bifurcata 

bifurcatus 

bifurcata 

biniflora 

cambagei 

cambagei 

cambagei 

congener 

congener 

congener 

conspicuus 

conspicua 

conspicua 
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Blakely 

(1922-1925) 

Danser 

(1929-1938) 

Barlow 

(1962-1993) 

- 

- 

dolichopoda 

- 

- 

eburna 

fitzgeraldii 

fitzgeraldii 

fitzgeraldii 

- 

friesiana 

friesiana 

gaudichaudii 

gaudichaudii 

gaudichaudii 

gibberulus 

gibberula 

gibberula 

glaber 

glabra 

glabra 

- 

haematodes 

haematodes 

- 

- 

herbertiana 

hillianus 

hilliana 

hilliana 

linophyllus 

linophylla 

linophylla 

lucasii 

lucasii 

lucasii 

mackayensis 

mackayensis 

mackayensis 

miraculosus v. 

miraculosa 

melaleucae 

- 

- 

microphylla 

miquelii 

miquelii 

miquelii 

miraculosus 

apiculata 

miraculosa 

nestor 

nestor 

nestor 

pendulus 

pendula 

pendula 

- 

plicatula 

plicatula 

preissii 

preissii 

preissii 

- 

- 

pyriformis 

quandang 

quandang 

quandang 

- 

- 

quaternifolia 

queenslandicus 

queenslandica 

queenslandica 

sanguineus 

sanguines 

sanguines 

- 

seemeniana 

seemeniana 

- 

- 

subcapitata 

- 

- 

thalassia 

- 

- 

tridactyla 

betchei var. 

betchei 

villiflora 

whitei 

whitei 

whitei 


DIPLATIA 


maidenii 

maidenii 

maidenii 



DIPLATIA 

- 

- 

furcata 

grandibracteus 

grandibractea 

grandibractea 

— 


tomentosa 
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Table 2. Australian genera and species of Viscaceae, as recognized by successive students of 
the famiiy. Epithets shown in italics under Denser indicate species accepted by him but not 
known from Australia at the time. 


Blakely 

(1928) 

Danser 

(1937-1941) 

Barlow 

(1983a, 1984b) 

KORTHALSELLA 

KORTHALSELLA 

KORTHALSELLA 

australis 

breviarticulata 

breviarticulata 

- 

- 

gray! 

brassiana 

opuntia 

japonica 

- 

- 

leucothrix 

- 

papuana 

papuana 

articulata 

opuntia 

rubra 

NOTOTHIXOS 

NOTOTHIXOS 

NOTOTHIXOS 

cornifolius 

cornifolius' 

cornifolius 

incanus 

incanus' 

incanus 

leiophyllus 

leiophyllus' 

leiophyllus 

subaureus 

subaureus' 

subaureus 

VISCUM 

VISCUM 

VISCUM 

angulatum 

articulatum 

articulatum 

bancroftii 

bancroftii 

bancroftii 

- 

ovalifolium 

ovalifolium 

white! 

white! 

white! 


* Danser did not revise Notothixos for Australia, but accepted Blakeley's treatment. 


Denser (1929,1933) included Australian taxa in his new generic system. He saw few 
specimens, and depended largely on species descriptions, especially those of Blakely. 
Because Danser's detailed revisions were largely centred on Malesia, his generic 
treatment was not generally taken up in Australia, and the laborious tasks of curating 
collections in Australian herbaria were mostly not undertaken. When 1 commenced 
my work on Australian Loranthaceae in 1960, most Australian collections were still 
arranged according to Blakely's work of 40 years earlier. 

The major exception was Lawrie Johnson's effort to reconcile the collections at the 
National Herbarium of New South Wales with Danser's new system. Johnson referred 
the Australian specimens to the several segregate genera which Danser accepted for 
Australia. In detailed annotations on herbarium sheets, he also identified cases where 
Danser's allocation of species to genera appeared to be unsatisfactory. In general, 
Johnson's observations have been supported by subsequent studies. In Sydney he, 
therefore, not only brought taxonomic treatment of Australian mistletoes up to date, 
but contributed original observations to refine it. 

My subsequent work (Barlow 1962, 1966, 1982, 1984a, 1984b, 1992, 1993) has, in 
essence, extended and fine-tuned Danser's work, principally in two ways. Firstly, 
the number of species recognized in Australia has been substantially increased. This 
is mostly an outcome of exploration, which has revealed many species not previously 
known in Australia. Some of these are new to science, whilst others are Malesian 
species newly recorded for Australia. 
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Secondly, my intensive and extensive study of Loranthaceae and Viscaceae of the 
southeast Asian region (Barlow 1974, 1993) has led to some refinement of generic 
limits, especially in Loranthaceae. This has resulted in a modest increase in the 
number of genera recognized in Australia. 

The most significant advances in knowledge have been in the Loranthaceae. When 
Lawrie Johnson implemented Danser's revisions for Australia, the known Australian 
Loranthaceae (sens, sir.) comprised 49 species in 8 genera. The family in Australia is 
currently estimated to comprise 74 species in 12 genera (excluding Norfolk Island). 
Because of the state of knowledge of the family, it now provides a good basis for 
analyses of flora evolution and historical biogeography, and it has contributed 
significantly to understanding these processes in Australia. These aspects of mistletoe 
biology are discussed below. 


Loranthaceae — another old southern family 

The Gondwanan affinities of the Australian flora are now widely documented. Many 
plant families and genera have been shown to have distributions and patterns of 
differentiation which are consistent with early development in Gondwana, and with 
subsequent dispersal on the fragments produced by the Gondwanan breakup. Studies 
by Johnson and Briggs (1975; 1981) made an important contribution to understanding 
the implications of these events for the differentiation of the Australian flora. They 
showed that major Australian families such as Myrtaceae, Proteaceae and Restionaceae 
have complementary patterns of relationship across the lands of the southern 
hemisphere, consistent with the geophysical history of Gondwana. 

The Loranthaceae are another group with a classical conformity with this pattern. 
Through detailed studies of cytogeography and comparative morphology (Barlow 
and Wiens 1971; Barlow 1981a, 1990), the family has become a model group for 
illustrating aspects both of the differentiation of Gondwanan floras in the southern 
lands, and also of the integration of the component elements of the Australian flora 
through Tertiary time. 

A feature of the Loranthaceae in Australia is that they strikingly illustrate the extent 
of integration of the Gondwanan and Intrusive Elements (Nelson 1981; Barlow 1981b) 
of the flora. The most obvious Gondwanan genera are the small temperate ones with 
many plesiomorphic character states (Atkinsonia, x = 12; Nuytsia, x = 12; Muclleritta; 
X = 11). They show relationships with other small genera of New Zealand and 
temperate South America, and apparently are relicts of the ancestral stock which 
differentiated in Gondwana. 

The other loranth genera in Australia which apparently belong to the Gondwanan 
element are Cecarria, Dactyliophora, Amyema and Diplatia. They all share a genome of 
X = 9 with large chromosomes, which is a derived state in the family. They are more 
tropical in their habitat requirements than the group mentioned above. Indeed, 
Cecarria, Dactyliophora and probably Amyema are centred in New Guinea. These genera 
have presumably differentiated on the Australian plate and, following the Miocene 
contact with the Sunda plate, have made limited intrusions to the northwest and 
into the Pacific. Amyema reaches mainland Asia and Samoa (see below). 

Cecarria, Dactyliophora and Diplatia are all small genera (1-3 species). Amyema is the 
largest genus in the region, with 92 species, of which 39 occur in Australia, 28 in 
New Guinea, and 34 elsewhere in Malesia. Dactyliophora and Diplatia are closely 
related to Amyema, and are undoubtedly part of the same evolutionary radiation and 
speciation event. In Australia Amyema and Diplatia species show strong integration 
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into the vegetation structure, often having high host specificity, and often then 
displaying visual resemblance to the preferred hosts (Barlow and Wiens 1977). Amyenia 
is found everywhere in Australia where mistletoes occur. This group clearly has had 
a long history in Australia, consistent with in situ development as part of the 
Gondwanan floristic element. 

The remaining Australian genera of Loranthaceae are Decaisnina, Amylotheca, Lysiana, 
Dendrophthoe and Benthmnina. They contrast strongly with the group described above 
in morphology, karyology and usually in geography. Decaisnina, Amylotheca and 
Lysiana have a genome of x = 12, with large chromosomes, and differ significantly in 
ovary structure and germination pattern from the Amyema group. Dendrophthoe and 
Benthamina have x = 9, with relatively small chromosomes, and differ from the 
Amyema group in features of inflorescence and floral structure. These five genera 
belong to two groups with major centres of speciation and diversity in the southeast 
Asian region, and strong links with African Loranthaceae. In the Malesian region 
their species richness attenuates towards the east, and in Australia they are mostly 
represented by a few species in the tropics and along the east coast. In Australia 
these genera can be clearly identified with the Intrusive Element of the flora, which 
entered the region following middle/late Tertiary contact between the Australian 
and Sunda plates. Their preferred hosts are primarily members of the Intrusive 
Element occurring in rain forests and monsoon woodlands, although eucalypts are 
occasionally parasitized. 

Even within the family Loranthaceae in Australia, then, there is integration between 
a Gondwanan component of long standing in the region, and an Intrusive component 
which has arrived more recently from Malesia (Barlow 1990). A possible explanation, 
which conforms with the phyletic relationships of Asian and African Loranthaceae, 
is that Loranthaceae endured the passage northwards on the Indian fragment 
following the breakup of Gondwana. This fragment presumably carried stocks which 
had already differentiated morphologically and genomically from other Gondwanan 
Loranthaceae (Barlow 1990). 

The most interesting genus in this scenario is Lysiana, endemic to Australia, with 
eight species together covering most of the mainland. If Lysiana is indeed derived 
from an Intrusive stock, it is a good illustration of the extent to which this floristic 
element has adapted to and colonized even temperate habitats in Australia (Barlow 
1990,1993). Even here, however, the host preferences are a key to the origin, because 
few of the preferred hosts are old Gondwanan genera. Although Acacia and Casuarina 
are commonly parasitized. Eucalyptus is not among recorded hosts. 


Viscaceae — a Laurasian family? 

In contrast, the Viscaceae do not clearly exhibit Gondwanan links like the 
Loranthaceae. At least four of the seven genera (Ginaltoa, Korthalsella, Notothixos, 
Viscum) appear to be centred in the southeast Asian/Malesian region (Barlow 1983b). 
A fifth genus, Arceuthobium, whilst species-rich in North America, is probably Asian 
in origin (Hawksworth and Wiens 1972). An eastern Asian origin for Viscaceae has 
therefore been postulated (Barlow 1983b), with Arceuthobium, Dendrophthora and 
Phoradendron reaching the New World via the Tertiary Beringian land connection. 
The family may ultimately be of Gondwanan origin (Barlow 1990), but its major 
diversification was probably a Tertiary palaeotropic Laurasian event. 

All four genera of Viscaceae in Malesia are centred there or in southeast Asia, and 
show some attenuation across Charles's Line to Papuasia, Australia and the Pacific. 


858 


Telopea Vol. 6(4): 1996 


They are probably all components of the one floristic element, a tropical one with a 
primary centre in southeast Asia, which has diversified in the Malesian region, and 
which is represented further southeastwards in Australia only as an attenuated 
intrusive stock. 


Endemism, dispersibility, and effectiveness of sea barriers 

Effective seed dispersal in most mistletoes is by fruit-eating birds, and demonstrates 
close mutualism involving fruit and embryo structure, germination, and bird anatomy 
and behaviour (Doctors van Leeuwen 1954; Reid 1989, 1995; Barlow and Schodde 
1993). The ovoid "seed", 5-12 mm long, is covered by a viscous layer rich in 
carbohydrates. The seed is removed from the fruit and swallowed whole, and passes 
through the short alimentary canal of the bird rapidly, commonly in 10-20 minutes. 
Although nutrients have been absorbed from the viscous layer, it is intact when the 
seed is voided, usually on to a slender tree branch. The viscous layer cements the 
seed in place, and it germinates spontaneously once removed from the fruit wall. 

Because of the nature of the seed dispersal mechanism, dispersibility in mistletoes is 
normally very low (Barlow and Schodde 1993). The families have strongly continental 
distributions, with occurrences on remote islands being exceptional (see below). 
Present distributions have probably been established primarily through migration 
over continuous land surfaces, and this allows high confidence in the correlation of 
phytogeny and migration. 

Genetic differentiation in mistletoes is therefore likely to be relatively local, and 
endemism at species level is accordingly relatively high. Earlier students of the 
families, such as Blakely and Danser, generally assumed that species distributions 
did not cross significant water barriers, although Danser did accept a number of 
very widespread Malesian species, some reaching Australia. 

Views of successive authors on levels of endemism in Australian mistletoes are 
summarized in Table 3. Blakely considered all Australian mistletoes except one 
species of Viscum to be endemic. Danser accepted only three widespread Malesian 
loranths as present in northern Australia, but in Viscaceae considered half the 
species to be non-endemic. Barlow has recorded higher numbers of non-endemic 
species in both families. 


Table 3. Levels of endemism in Loranthaceae and Viscaceae, as recognized by successive 
students of the family. 


Species 



Loranth 

Vise 

Blakely 

(1922-1928) 

45 

10 

Danser 

(1929-1941) 

47 

10 

Barlow 

(1966-1993) 

74 

14 


Non-endemic Percent 

species endemism 


Loranth 

Vise 

Loranth 

Vise 

0 

1 

100 

90 

3 

5 

94 

50 

17 

7 

77 

50 
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The change in perception of endemism among Australian mistletoes is largely an 
outcome of exploration since 1960, both in the field and in herbaria. Australian 
species have been discovered in New Guinea, and new records of New Guinean 
species have been made in Australia, mostly in Cape York Peninsula. Australian 
species have been revealed in the flora of the Lesser Sunda Islands. Critical studies 
have shown that the mistletoes of New Caledonia are all conspecific with species of 
Australia, New Guinea or New Zealand. The result of these discoveries is that 
mistletoes, especially Loranthaceae, now appear to conform in their species endemism 
levels with the general patterns of angiosperm families in Australia. 

Tlie only slightly doubtful case of endemism involves Mudkrina celastroides. There 
are two old collections from New Zealand, both by collectors who also visited 
Australia, and Barlow (1966) suggested that confusion of labels may have occurred. 
However Norton and Reid (1995) have argued that M. celastroides was present as a 
vagrant in New Zealand, from Australia, and that it became extinct in New Zealand 
some time ago. 

These changes in perception of endemism in Australian mistletoes do not necessarily 
mean that the assumptions on dispersibility are incorrect. Exchanges between 
Sundaland, New Guinea, Australia and probably New Caledonia, as reflected in 
present species distributions, have probably occurred in latest Tertiary or Quaternary 
times. They have probably coincided with the several sea level minima which occurred 
during these times. They are supported by the very common occurrence of mistletoe 
species on more than one of the major islands of the Malesian archipelago. When 
allowances are made for intermittent water barriers, most of the species concerned 
have relatively continuous distributions. They have probably been dispersed over 
continuous land or narrow water barriers by their usual dispersal agents. 

A good example of the limits of such dispersibility involves the Australian species 
Deudrophthoe glabrescens and D. odontocalyx. Both are widespread in open forests of 
northern Australia, but are now also known from the Lesser Sunda Islands, one 
species reaching dry habitats in eastern Java. They have probably reached the region, 
across a narrow water gap, from northwestern Australia, and their distribution in 
Malesia is limited by habitat requirements. 

This example contrasts with the absence of mistletoes (and mistletoe birds) from 
Tasmania, although the fossil record shows that they were present throughout the 
Tertiary period (Macphail et al. 1993). Although habitat requirements in Tasmania 
may be met at the present time, the present water barrier between Tasmania and the 
Australian mainland is apparently too broad for normal dispersal to occur. 

The constraints on mistletoe dispersal imposed by the dispersal agent are best 
illustrated by the few notable exceptions to the common distribution patterns. A few 
loranth species have attained wide distributions in the Pacific, reaching oceanic 
islands. Most striking is Decaisnim forsteriana, whicli ranges from the Solomon Islands 
to Tahiti and the Marquesas. Amyema artensis reaches Samoa and the Caroline Islands. 
Ileostyliis micranthiis, a relatively unspecialized New Zealand species, apparently 
reached Norfolk Island about a century ago. It is significant that these dispersal 
events have all occurred beyond the range of the specialized bird dispersal agents of 
the genus Dicacum, which only reach as far eastwards as the Solomon Islands. 
Strangely, exceptional dispersal events in loranths probably involve disruption of 
the symbiosis between mistletoe and specialized bird dispersal agent (Barlow and 
Schodde 1993). When mistletoe fruits become available to more generalist feeders, 
dispersal may be less efficient but extend over longer distances. 
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An exceptional case of a different nature is Korthalsella (Viscaceae), which is 
widespread in the Pacific and also reaches remote Indian Ocean islands. In this 
genus the seeds are very small, and are probably dispersed by external attachment 
to birds rather than by ingestion. This presumably allows the seeds to remain with 
the bird dispersal agent for a longer time (Barlow 1983a). 

Advances in knowledge of Australian mistletoes thus show them to be a very typical 
component of the Malesian/ Australasian flora. Although normally of low dispersibility, 
they have migrated through the region, in several directions, as geophysical and biotic 
circumstances have allowed. Their distributions in the region are probably more a 
function of ecological requirements, and of time, than strictly of geography. 


Mistletoes and conservation issues 

Much current research interest in Australian mistletoes is concerned with questions of 
environmental impact. In New Zealand, mistletoes are under serious threat, largely 
through predation by the introduced Australian brush-tailed possum (Norton and 
Reid 1995). In Australia, in contrast, mistletoes are perceived to be increasing in 
abundance, and in some situations to be a threat to their host populations (Reid 1995). 

Mistletoes are recognized as a problem primarily in situations where the forest habitat 
has been substantially altered. Heavy infestations, and host tree death, are commonly 
reported along roadsides, in parks and reserves, and in remnant vegetation in rural 
areas. Scattered or isolated trees are presumably targets for higher levels of visitation 
by mistletoe birds, and provide good conditions for mistletoe establishment. 

There is increasing awareness that a long liistory of habitat disturbance in Australia has 
brought major changes in the structure of biotic communities, even in the absence of 
introductions of exotic species (Flannery 1994). Mistletoes have clearly become part of 
this process in this century. They have intricate symbiotic relationships with their hosts, 
their dispersal agents, and with their predators (Barlow and Wiens 1977). Changes in 
these interactions have altered mistletoe balance in both directions. In Australia, even 
though they are native plants, mistletoes are emerging as serious environmental weeds. 

Some current research, especially by N. Reid and colleagues at the University of New 
England, is aimed at better understanding these interactions, and at appropriate 
environmental management. Implications for forestry and reforestation, both in Australia 
and beyond, are serious, and there is need to increase research capacity in this area. 


Conclusion 

Loranthaceae and Viscaceae have become model groups for study of plant evolution and 
adaptation, biogeography, physiology, genetics and conservation management. Knowledge 
derived from Australian studies has made a major contribution in aU of these fields. 
Advances in knowledge have been very significant in the last 40 years, and have been 
driven by progress in understanding the systematics and relationships of the species. 
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